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FOR POPULAR ASTRONOMY. 

To conclude our series of articles we proceed to consider the 
last three divisions given in PopuLAR AsTRONOMY for January. 
In the final division no mention w. be made of the works of 
Chauvenet and Oppolzer, because they are so well known that a 
statement of their contents is quite unnecessary. So many 
books which would come in the first division have been published 
in recent years that it has been necessary to make a selection, and 
also to restrict mention to modern works. 

Lockyer: The Sun’s Place in Nature; Macmillan & Co., publish- 


No rd 


ers; $2.75. 

This is a re-publication of a series of lectures delivered in 1894, 
and published in Nature at that time. The chief points of inter- 
est are the story of the discovery of helium on the Earth, the 
argument for the evolution theory as applied to nebula, and the 
strong attempt to prove that many of the stars are now rising 
in temperature. The author’s repeated attacks upon the work ot 
Sir Wm. Huggins unfortunately mar the otherwise effective pre- 
sentation of his own theories. 

Young: The Sun; revised edition (1895); D. Appleton & Co., 
publishers; pp. 363; $2.00. 

Proctor’s work on this subject is quite out of date, and Ball’s 
“Story of the Sun,” while attractive, must yield the palm to 
Professor Young’s work, which is thoroughly brought down to 
the date of its revision. The first three chapters are devoted to 
the distance and dimensions of the Sun, the apparatus for study- 
ing its manifestations of energy, and its spectrum. The next four 
chapters treat of the spots, the chromosphere and the corona. 
The two following ones discuss the Sun’s light, heat and consti 
tution. A seven page note on helium concludes the book. 


Todd: Total Eclipses of the Sun; Little, Brown & Co., pub- 
lishers; $1.00. 


The new edition of Mrs. Todd’s book brings the story of total 
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eclipses down through that of January 1898. It gives an ac- 
count of the progress of knowledge about eclipses from the earli- 
est times to the present. The aims of eclipse parties are well 
stated, and the present methods of observation set forth. 
Charts are given of the paths of future eclipses till 1937. 

Elger: The Moon; Geo. Philip & Son, publishers; pp. 173; Ssh. 

The late Mr. T. G. Elger was the director of the lunar section 
of the British Astronomical Association, and a most devoted 
selenographer. The book aims to give a full description and 
map of the principal physical features of the Moon’s surface. It 
is the best lunar hand-book of moderate price. The map is 18 
inches in diameter and may be »btained separately. 

Nasmyth & Carpenter: The Moon; Scribners, publishers: pp. 
213: $9.00. 

This expensive book, which is noteworthy for its extremely 
beautiful pictures of lunar scenery, is the result of more than 
thirty years of labor on the part of the authors. They studied 
the Moon with powerful telescopes, made careful drawings, and 
then constructed accurate models of lunar craters. These were 
photographed. The text considers the origin of lunar details, 
the classes of lunar formations, the conditions which a hypothet- 
ical inhabitant would experience, and the worth of the Moon to 
man. 

Flammarion: La Planéte Mars; Gauthier-Villars et Fils, pub- 
lishers; pp. 608. 

The work is divided into two parts. The first embraces 488 
pages; it sets forth and discusses the observations of the planet 
from 1636 to 1892. This space of time is divided into three per- 
iods; at the close of the treatment of each period is given a sum- 
mary of the conclusions to be derived from the observations 
made during it. The second part of the book, which comprises 
about 100 pages, gives the author’s final conclusions about the 
planet’s orbit, dimensions, rotation, surface features and atmo- 
sphere. The illustrations number over 600, and are almost ex- 
clusively from drawings of the planet. There is no other work 
on Mars to be compared with this one, for exhaustiveness. 
Lowell: Mars; Houghton, Mifflin & Co., publishers: pp. 217: 

$2.50. 

Mr. Lowell has given a discussion of the physical conditions on 
Mars, for the purpose of throwing light upon the question of the 
existence of intelligent beings there. The book was inspired by a 
special study of the planet made at Flagstaff, Arizona. The chief 
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subjects considered are the atmosphere, water, canals, and oases. 

The numerous reproductions of drawings of Mars are the most 

beautiful to be found in any popular work on the planet. Mr. 

Lowell’s conclusion is that it is ‘probable that upon the surface 

of Mars we see the effects of local intelligence.”’ 

Guillemin: The World of Comets; Sampson, Low, Marston, 
Searle & Rivington, publishers: pp. 548: about 
$4.00. 

Guillemin’s interesting work is now twenty-five years old; it 
was done into English by Jas. Glaisher. It is so complete a pop- 
ular description of comets and their peculiarities that it quite de- 
fies analysis in the space at our disposal. It is the leading work 
on its subject. 

Lockyer: The Meteoritic Hypothesis: Macmillan & Co., pub- 
lishers; pp. 560; $5.25. 

The meteoritic hypothesis is the theory that celestial bodies are 
composed of meteors, more or less thickly crowded together. 
The book gives in detail the observations and experiments which 
led the author to promulgate the theory. The observations are 
spectroscopic. The first half of the book contains a good deal of 
interesting popular matter about meteors and comets. The re- 
mainder is for the spectroscopic specialist. 

Darwin: The Tides; Houghton, Mifflin & Co., publishers; pp. 

378. 

Mr. G. H. Darwin (son of the great naturalist) is well known 
as one of the chief living authorities on the subject of the tides. 
In 1897 he delivered a course of lectures at the Lowell Institute, 
from which the present volume took its rise. After discussing 
terrestrial tides very thoroughly the author devotes four chap- 
ters to tidal friction, and its effects on the evolution of celestial 
systems. After these chapters is the concluding one, which treats 
of the rings of Saturn. Mr. Darwin’s book easily distances any 
other popular work on the tides, and is of absorbing interest. 
Lockyer: The Dawn of Astronomy; Macmillan & Co., publish- 

ers; pp. 432; $3.00. 

Here we find a study of the mythology and temple worship of 
the ancient Egyptians, with reference to their connection with 
astronomy. The book is finely illustrated, and appeals to the 
specialist in astronomic lore. 

Clerke: The System of the Stars; Longmans, Green & Co., 

publishers; pp. 440; $7.00. 

No other work in our language handles this topic so thor- 
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oughly and satisfactorily. The rapid advances made by sidereal 
astronomy in recent years are set forth in lucid and graphic 
style. Theories of the construction of the sidereal universe are 
well discussed. The demand for so valuable a book ought to be 
sufficient to warrant the publishers in putting a new and cheaper 
edition upon the market. 

Gore: The Visible Universe; Macmillan & Co., publishers; 

pp. 340. 

Unfortunately this is out of print, probably because its dis- 
cussions are not strictly popular, though non-mathematical. 
To the student, however, the book fills quite a valuable niche, 
since most of it is devoted to an elaborate discussion of theories 
of the form of the visible universe, and of the distribution of 
stars in it. 

Flammarion: Les Etoiles et les Curiosités du Ciel; Marpon et 
Flammarion, publishers; pp. 792. 

The first part of this large royal octavo volume comprises 587 
pages and gives in great detail a description of each of the prin- 
cipal constellations, and also of all easily observable objects in 
each constellation. The nature of these descriptions may be 
judged by the following quotation from the table of contents, 
with reference to Taurus, to which 34 pages are devoted. 

“Rich region of the sky—The Pleiades in history—the Hyades 
—Taurus the first sign of the zodiac—The sun Aldebaran—move- 
ment of its companion—names given to the Pleiades—critical ex- 
amination of all the observations—proper motions of the Pleia- 
des—of the Hyades—the nebula in Taurus.’ 

Part II, which covers nearly 200 pages, contains tabulated 
statements of various kinds, in a profusion which quite defies 
analysis in the space at our command. 


’ 





Frost: Astronomical Spectroscopy; Translated from the Ger- 
man of Dr. J. Scheiner, and revised with the author’s 
sanction; Ginn & Co., publishers; pp. 450; $5.00. 

This is the best book in English on the subject of which it 
treats. While nearly seven years have passed since its publica- 
tion, during which large advances in astronomical spectroscopy 
have been made, the book is of great value. Part First, embrac- 
ing 110 pages, is devoted to spectroscopic apparatus. Part 

Second, which is but 40 pages in length, treats of Kirchhoff’s law 

and Doppler’s principle. Part Third embraces over 200 pages, 

and is devoted to the results of spectroscopic observations on 
the heavenly bodies. The 64 pages of Part Fourth are devoted 
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to spectroscopic tables. An appendix follows containing a bibli- 

ography which includes most of the memoirs and papers prior to 

1894. 

Ambronn: Handbuch der Astronomischen Instrumentenkunde; 
Julius Springer (Berlin) publisher; 2 vols.; pp. 
1276; 60 marks. 

This work is fairly encyclopaedic in range, and is one of the 
best specimens of German thoroughness. There are seven main 
divisions, three of which are in Vol. I. The first deals with 
minor parts of instruments, such as screws, levels, verniers, read- 
ing microscopes, artificial horizons, etc. The second treats of 
clocks of all sorts, and chronometers, together with the electrical 
devices used in them. The third division is concerned with the 
three principal parts of most instruments, namely the axes, the 
telescope, and the graduated circles. The discussion of the re- 
fracting telescope is very interesting, as there is a full description 
of the methods of selecting, figuring, combining and mounting 
the lenses in their cell. Reflecting telescopes in their varied forms 
are also minutely described. The fourth division is devoted to 
the typical forms of micrometers, with which the author classes 
the heliometer. In the fifth division belong instruments for 
special purposes, such as heliostats, siderostats, photographic 
refractors, measuring engines, photometers, and spectroscopic 
apparatus. The sixth division is very extensive and treats of all 
the forms of the principal instruments which grace observatories. 
Here we find sextants, universal instruments, transit circles, 
chronographs, and equatorials of all sorts described in almost 
bewildering detail. The seventh and last division of this great 
work describes the piers on which instruments are placed, and 
the structures which shelter them. There are 1185 cuts of the 
objects described, 393 of which are of complete instruments. 
Methods of using instruments, and of determining the errors to 
which they are subject are given in such detail that the work 
may well claim to be a manual of the art of astronomical 
observation. 

TELESCOPIST’sS MANUALS. 
Serviss: Astronomy with an Opera-glass; D. Appleton & Co., 
publishers; pp. 154; $1.50. 

The idea embodied in the title is faithfully worked out. The 
author gives hints for the choice of a good opera-glass (the new 
Goerz binocular was not then on the market) and describes the 
many enjoyable views of the heavens which it will yield. The 








230 Astronomical Books for the Use of Students. 


more prominent celestial objects are described, and maps of the 
constellations are given, together with directions for picking 
them out in the sky. 


Fowler: Popular Telescopic Astronomy; Geo. Philip & Son, pub- 
lishers; 2 sh. 

The subtitle is ‘‘How to make a 2-inch Telescope and what to 
see with it.’”’ Any desired parts of the telescope can be purchased 
of the publishers of the book. A review in Nature says, ‘The 
whole of the work explained can be easily understood and readily 
performed. The book is practicable as well as practical; every 
description in it can be carried out, every observation described 
bears the impress of experience. Astronomy will gain more by 
the publication of this little volume than by the issue of a score 
of works of a descriptive character.”’ 


Mee: Observational Astronomy; new edition; Western Mail, 
Limited, publishers; pp. 113; 2 sh. 6 d. 

This is a very unique little book, and is admirable for a student 
or amateur to use, if he has a small telescope, and wishes to be- 
come interested in what it will reveal. The author assumes that 
the reader wants to see things with his little glass, to make pic- 
tures of them, and to understand the real nature of what he is 
looking at. The book is illustrated by a host of small pictures, 
many of which are thumb-nail sketches of well-known living as- 
tronomers. 


Gibson: The Amateur Telescopist’s Hand-book; Longmans, 
Green & Co., publishers; pp. 163; introduction price, 
$0.95. 

The first third of this admirable little book is devoted to the 
telescope, and tells how to test, care for, and use it. Then follow 
two chapters giving special directions for observing the Sun, 
Moon, ete. The second half of the book is an explanatory cata- 
logue of 468 celestial objects, arranged according to the constel- 
lations in which they are found. Preceding this catalogue are a 
few pages giving the prices of small telescopes and their accessories. 
Gore: The Scenery of the Heavens; Roper & Drowley, publish- 

ers; pp. 320; $4.00. 

The subtitle of this work is ‘‘A Popular Account of Astronomi- 
cal Wonders,’’ and sums up its contents well. For the book is 
chiefly devoted to a description of the principal objects of interest 
in the sky. The chapter on meteors was contributed by Mr. 
Denning, the foremost authority on that subject. 

















H. A. Howe. 2a. 





Denning: Telescopic Work for Starlight Evenings; Taylor & 
Francis, publishers; pp. 361; $2.00. 

In the first three chapters the methods of testing and handling 
a telescope are set forth. The relative merits of refractors and 
reflectors are discussed. The rest of the book contains descrip- 
tive matter concerning the heavenly bodies, special prominence 
being given to the subject of meteors. 

Webb: Celestial Objects for Common Telescopes; Longmans, 
Green & Co., publishers ; 2 vols., pp. 513; $3.50. 

For many years the earlier editions of this work were consid- 
ered as containing exceedingly complete and valuable lists of 
interesting telescopic objects. The fifth edition, revised and en- 
larged by T. E. Espin, distances all competitors in its field. The 
first volume tells how to use a telescope in visual, photographic 
and spectroscopic observations and contains chapters on the 
Sun, Moon, planets, comets and meteors. These chapters have 
been contributed by specialists, and the one on the Moon, which 
is accompanied by a large folding map, is specially complete. 
Volume II is given up to double stars, clusters, nebulz, stars with 
remarkable spectra, and variables; it contains descriptions of 
over 2,000 such objects. 

Proctor: Half Hours with the Stars; G. P. Putnam’s Sons, 
publishers; pp.38; $2.00. 

There are a dozen maps in quarto, showing the aspect of the 
heavens throughout the year. The text explains how to find the 
star-groups. As only a few stars fainter than the fourth magni- 
tude are shown, the maps are well adapted to constellation 
study. 

Klein: Star Atlas; E. and J. B. Young & Co., publishers; pp. 
72 aside from maps and plates; $2.00. 

A dozen maps, each 12x9 inches, exhibit all the stars not 
fainter than the sixth magnitude between the north pole and 30 
of south declination. The stars are black on a white back- 
ground, their names being printed in red. There are no dotted 
lines connecting the chief stars of each constellation. Preceding 
the maps is a sixty page list of interesting telescopic objects, 
each of which is well described. The atlas is one of the best in 
our language. 

Upton: Star Atlas; Ginn & Co., publishers; $2.00. 

This atlas is in folio, so that the large maps measure about 

15x13 inches; there are six of these, four covering the region 
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from + 40° to — 40° of declination, while the other two contain 
respectively the northern and southern circumpolar regions. 
Each circumpolar map embraces the area within 50° of the pole. 
These six large maps contain all stars not fainter than the sixth 
magnitude, besides the more important of the clusters, nebulz, 
double stars, red stars and variables. The background of each 
is white; the stars are black, and the outlines of the historic con- 
stellation figures are lightly drawn in pale blue. The boundaries 
between the constellations are marked by heavy blue dotted 
lines. Preceding these maps are six corresponding small ones, 
containing only the chief stars of each constellation; the stars in 
each group are joined together by lines, a characteristic figure be- 
ing thus made, to facilitate learning the groups. Twenty-nine 
discussed the historical growth of the present constellation sys- 
tem, the designations of stars, and the accurate photometric 
method of estimating magnitudes. There are also (in these 
pages) descriptive lists of clusters, nebulz, variables and doubles, 
the objects in each list being arranged in the order of their right 
ascensions. The atlas has been prepared with the special needs 
of teachers and students in view. 


pages of explanatory text precede the maps; in these pages are 


Colas: Celestial Planisphere; Poole Bros., publishers; $3.00. 

This is the best planisphere which the writer has ever seen. It 
is nearly 19x23 inches, and almost all stars visible to the naked 
eye between the north celestial pole and 50° of south declination 
are depicted upon it; the chief nebulze are also shown. A celes- 
tial handbook of 110 pages accompanies it, in which are to be 
found descriptions of the chief objects of interest in each constel- 
lation. The handbook costs $2.00 extra. 


TEXT BOOKS ON MATHEMATICAL ASTRONOMY. 


Doolittle: A Treatise on Practical Astronomy as Applied to 
Geodesy and Navigation; John Wiley and Sons, 
publishers; pp. 652 ;. $4.00. 

Professor Doolittle’s work begins with a 69 page treatment of 
the method of least squares, followed by an excellent discussion 
of interpolation. Then come two chapters, one of which is on 
the systems of spherical codrdinates in ordinary use, and their 
transformations; the other treats of parallax, refraction and the 
dip of the horizon. Nearly 400 pages are next devoted to 
methods of determining time, latitude, longitude and azimuth 
with the ordinary forms of portable instruments. The final 
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chapter of the book treats of precession, nutation, aberration 

and proper motion. The book is admirably adapted to the use 

of students, and may also serve as a field manual. 

Campbell: The Elements of Practical Astronomy, second edi- 
tion, revised and enlarged; Macmillan & Co., pub- 
lishers; pp. 259; $2.00. 

Professor Campbell has written to meet the wants of University 
students and engineers, and has produced a manual which has 
stood the test of the class room. All is given that is essential for 
the student who wishes to make the usual observations with the 
sextant, transit, zenith telescope, and position micrometer at- 
tached to an equatorial. Observations with a surveyor’s transit 
for time, latitude and azimuth are also explained. 

Barlow and Bryan: Elementary Mathematical Astronomy; 

Clive & Co., publishers; pp. 442; Ssh, 6d. 

The authors have not written a manual of practical astronomy 
but have endeavored to give a simple mathematical treatment of 
those subjects which every descriptive astronomy mentions. The 
student’s knowledge is supposed not to extend beyond trigonom- 
etry. However, the last three chapters, which are upon gravita- 
tional astronomy, involve rudimentary notions about the ellipse, 
which are furnished in an appendix. Exercises in goodly number, 
are scattered through the book. 

Greene: An Introduction to Spherical and Practical Astronomy; 

Ginn & Co., publishers; pp. 158; $1.50. 

After the usual problems on the transformation of codrdinates, 
the author devotes six chapters to the determination of time, 
latitude and longitude with the transit and sextant. The two 
remaining chapters describe methods for finding the azimuth of 
a line, and for finding the figure and dimensions of the Earth. A 
32 page appendix gives the elements of the method of least 
squares. 

Merriman: Elements of Precise Surveying and Geodesy; John 
Wiley & Sons, publishers; pp. 261; $2.50. 

After an introductory chapter, giving the elementary notions of 
the method of least squares, the author devotes four chapters to 
field operations of precise surveying. Then follow chapters on 
‘Spherical Geodesy,” “‘Spheroidal Geodesy,’ ‘‘Geodetic Coérdi- 
nates and Projections,’’ ‘‘Geodetic Triangulation,’’ and ‘The 
Figure of the Earth.’ Eighty-one problems are scattered 
through the book. The usual clearness and precision of Professor 
Merriman’s writing are maintained in the present work. 
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Merriman: Text Book on the Method of Least Squares; en- 
larged edition; John Wiley & Sons, publishers ; 
pp. 228; $2.00. 

This is one of the most satisfactory text-books in our language 
on the topic of which it treats, as the fundamental principles are 
developed at length, and practical examples illustrating various 
applications of the method are given in sufficient number. The 
first 174 pages of the new edition are identical with the corres- 
ponding part of the old. A new chapter has been inserted, on 
the solution of normal equations; also four pages of notes have 
been added, explanatory of difficulties in certain parts of the old 
edition. 





Rice: The Theory and Practice of Interpolation; The Nichols 
Press; pp. 234. 

The author is an assistant in the office of the American Ephem- 
eris, and has ‘“‘felt the need of a book that would give, exclusive 
of other matter, a simple, practical and yet comprehensive dis- 
cussion of all that is useful concerning differences, interpolation, 
tabular differentiation and mechanical quadrature.’’ The author 
has not only felt this need, but has been able to supply it ina 
most satisfactory manner, having produced a thoroughly practi- 
‘al and usable book, which will please at once the student, and 
the practical computer. 

Hayford: A Text Book of Geodetic Astronomy; John Wiley & 
Son, publishers; pp. 351; $3.00. 

Mr. Hayford is connected with the U.S. Coast Survey and has 
written this text book to prepare engineering students for post- 
graduate practice in geodetic work. A single college term he 
deems sufficient for this. The introductory chapter gives those 
fundamental astronomical notions which are needed; the next 
chapter shows how to compute the apparent places of celestial 
objects. The five following chapters deal with the sextant, the 
astronomical transit, the zenith telescope, and the therdolite, 
explaining fully how to get latitude, longitude and azimuth 
with them. At the end of almost every chapter are questions 
and examples. The last chapter gives suggestions about observ- 
ing and computing, and is followed by over sixty pages of 
tables, formulz, etc. The book seems well adapted to its purpose. 





ARE THERE POSSIBLE MARTIANS? 





G. SENECA JONES. 





FoR POPULAR ASTRONOMY. 
An article entitled ‘‘ What we know about Mars,” written by 
Professor Edward S. Holden and published in the March number 
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of McClure’s Magazine, doubtless has been widely read and 


probably has been accepted generally as an exposition of the 
views regarding the planet now held by astronomers of high 
standing, and, therefore, as a timely check on the mass of very 
sensational Martian literature which has flowed in abundance 
from less responsible sources. 

The question now uppermost in the public mind with regard to 
the planet Mars is whether or not 


it is fitted for sustaining 
human life. 


It is from this point of view that Professor Holden 
treats his subject. He reaches the conclusion that the planet is 
uninhabited and uninhabitable for two excellent reasons, if for 
no others; first, because the temperature of Mars is so low that 
a terrestrial man, could he miraculously be transported thither, 
‘““would undoubtedly freeze solid in an exceedingly short time ;”’ 
and, second, for the equally good reason that ‘“‘at any rate there 
is not sufficient air [on the planet] to sustain human life.”’ 

These views regarding Mars may or may not now be held by 
the majority of those astronomers who have given to the ques- 
tion of its habitability any especial thought. We are inclined 
to think, however, that very few astronomers would risk opin- 
ions on these points so decided as those which the writer of this 
article has put forth. It is to be regretted, therefore, that in 
support of his convictions he has chosen to confine his attention 
to two or three points, and, with unpardonable injustice to the 
readers whom he has undertaken to enlighten on the present as- 
pect of the case of Mars, has neglected to state the most signifi- 
cant of the facts now known which bear on the planet’s capabil- 
ity of sustaining life. Moreover, there are statements in the 
article, made most positively, which certainly will not be endorsed 
as beyond question by astronomers generally. It may not be 
amiss, therefore, in the interest of the general reading public, to 
examine some of these statements, and to supply some of the 
omissions. 

After enumerating the sources of several popular errors regard- 
ing Mars, the writer comes to the question of the ‘‘ polar caps,” 
and explains how it was that Sir William Herschel became con- 
firmed in the opinion, already held by astronomers, that these 
caps were deposits of snow. Herschel observed that they varied 
in size with the changes of the Martian seasons, being the largest 
in winter and nearly or quite disappearing in summer. He sup- 
posed them to melt and become water. At this point we come 
upon one of the statements referred to above, which is as follows: 

“The explanation was correct, so far as his knowledge then 
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went. We now know two facts that make it impossible. In the 
first place, according to the best knowledge attainable, the tem- 
perature of Mars is always far below the freezing point. Water 
can never melt on Mars. In the second place there is, in fact, 
little or no water on Mars. The observations at the Lick Obser- 
vatory have shown this conclusively and this result is now gen- 
erally accepted. 

“The ‘polar caps’ exist, however. What are they? The 
answer is that it is not (yet) certainly known. It is very likely 
that they may be composed of carbon dioxide. This vaporizes 
(and becomes invisible) at — 109° of Fahrenheit’s thermometer. 
At a lower temperature than that it is deposited as a white 
‘snow.’ A layer an inch thick (or less) would account for all the 
observed phenomena. This explanation may not be correct, but 
it is worthy of serious examination. Whether it is correct or not 
it is certain that the polar caps of Mars are not composed of 
‘snow’. Snow is water, and there is no water to speak of on 
the planet. Moreover the polar caps ‘melt,’ and the temperature 
of the Arctic regions of Mars is always below the melting tem- 
perature of water. The polar caps of Mars are not ‘snow’.” 

These several assertions could not have been made more confi- 
dently had the writer actually been upon Mars and decided the 
matter by a personal inspection. Naturally the reader will be 
curious to know the precise nature of this ‘‘best knowledge 
attainable’? upon which are based conclusions of such impor- 
tance. The suggestion that the polar caps of Mars may be 
carbon dioxide is not new. It is based upon a single fact only, 
namely, that at the distance of Mars from the Sun the solar radi- 
ation both of light and heat has less than one-half—about four- 
ninths—of the intensity which it has at the distance of the 
Earth. This is the only ground—for the spectroscope is power- 
less to decide the matter—upon which some astronomers have 
been led to doubt that these caps are snow, as has been held in 
the past most probably to be the case and as is still the preva- 
lent view of them.* Upon this point Professor Young is quoted 
by the writer as saying, with a reference to the diminished 

* It may be that Professor Holden also had in mind an opinion recently put 
forth by Dr. G. Johnston Stoney, based on the kinetic theory of gases, that, 
owing to its low gravitational power, Mars has lost all of the lighter elements 
of its atmosphere, including its water in the form of vapor, and that the polar 
caps are probably carbon dioxide. Dr. Stoney’s theory of planetary atmospheres, 
satisfactory as it has seemed to be in the case of the Moon, has recently been 
given a severe blow by the demonstration of the fact, by Professors Liveing and 
Dewar, that the Earth’s atmosphere contains both hydrogen and helium in 


appreciable quantities. A theory which is itself still on trial cannot be permitted 
te outweigh the testimony of observed facts. 
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power of the solar radiation above noted, ‘The inference is al- 
most irresistible that the temperature [of Mars] must be appall- 
ingly low—so low that water, if it exists at all, can exist only 
in the form of ice.’’ Professor Newcomb is also quoted as saying 
that it is by no means certain that the polar ice-caps are ice at 
all. 

Ten years ago and even less the obstacle here noted was really 
a very serious one in the way of those who held that Mars 
might be habitable. It did seem that the temperature on the 
planet ought to be excessively low, and there was no satisfac- 
tory way of meeting the difficulty. There are now, however, at 
least two lines of reasoning along which we may approach the 
question of the Martian temperature, one based upon a recent 
discovery in radiant heat, which greatly lessens the improbability 
of the existence of water in the liquid form upon Mars; the other 
is the seasonal recurrence upon Mars of certain remarkable phe- 
nomena which can be accounted for satisfactorily only on the 
supposition that the polar caps are snow—or hoar frost, as now 
seems more probable—with all the consequences which that sup- 
position carries with it. 

The inference that the temperature of Mars must be “ appall- 
ingly low,’”’ as compared with the Earth’s, involves the assump- 
tion that the Sun’s effective heating power at the distances of the 
several planets is diminished in the same ratio as the strength of 
its radiation is diminished, that is, as the square of the distance 
is increased. There is now reason to believe that this assump- 
tion is incorrect. A law of heat radiation, known as “Stefan’s 
Law,” formulated from the theory some twenty years ago, has 
been subjected to experimental tests within the last four or five 
years, by Paschen and other scientists, and has been found to be 
valid, at least within the limits of 100 degrees of temperature on 
the absolute scale—173 degrees below zero centigrade—and 1700 
degrees absolute. The law is that the effective radiation from a 
‘perfect radiator,’ such as the Sun is assumed to be, is propor- 
tional, not to the temperature of the radiating body, but to the 
fourth power of that temperature. A body heated by radiation 
becomes itself a radiator, its temperature rising until its radia- 
tion—the heat which throws it off—exactly equals in amount 
that which it receives. This enables us to institute a comparison 
by means of the law just given, between the Sun’s heating power 
on the Earth and on Mars, in the following way: Suppose, to 
make a case as simple as possible, two tiny bodies which are per- 
fectly black and therefore are ‘‘ perfect radiators,” to be situated, 
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one in the Earth’s orbit, the other in that of Mars. Each is 
heated by the Sun until its radiation equals the solar radiation 
at its distance from the Sun. Call the temperature of the inner 
of these two bodies T; that of the outer, 7. According to the 
law above enunciated, the fourth powers of T and 7; are propor- 
tional to the radiations of the inner and outer body respectively. 
We know that the radiation of the outer body is four-ninths that 
of the inner, and we easily figure out that the temperature of the 
outer body is 0”.82 that of the inner, this decimal being the 
fourth root (very nearly) of the fraction four-ninths. That is to 
say, the Sun’s effective heating power at the distance of Mars, 
instead of being less than half, as heretofore supposed, is about 
82 per cent of its heating power at the distance of the Earth. A 
permanent diminution to the extent of eighteen per cent in the 
annual supply of solar heat would doubtless cause great climatic 
changes on the Earth; but it may be doubted if it would result 
in a total destruction of terrestrial life and the permanent freez- 
ing of the Earth’s water. 

The second line of argument above referred to can be the best 
presented in connection with the story of Martian observations 
within the last eighty years. On August 4, 1892, occurred one of 
the most favorable oppositions of Mars, so far as concerns dis- 
tance from the Earth; but, unfortunately, the planet “ran low” 
for observers in the northern hemisphere, being in that part of 
the heavens traversed by the Sun in midwinter. Professor 
Holden was then the director of the Lick Observatory. In an 
article published in Astronomy and Astro-Physics tor October, 
1892, ‘‘Note on the Mt. Hamilton Observations of 
Says: 


Mars,”’ he 


‘Although the situation of Mars in this opposition is very un- 
favorable, it was desirable to obtain as many observations as 
possible. The altitude of the planet ranges from about 28 de- 
grees to about 32 degrees above the horizon, which is too low 
for satisfactory images of so difficult an object, even at Mt. 
Hamilton.”’ In spite of the unfavorable conditions, however, the 
astronomers there did much very excellent work during the sum- 
mer, as is shown by the closeness with which the published 
sketches of the planet made by the several observers agree with 
one another and with drawings made two years later under bet- 
ter conditions at Mr. Percival Lowell's Observatory at Flagstaff, 
Arizona. 

Among the things noted by the Mt. Hamilton observers on this 
occasion were certain surprising changes in the general aspect of 
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the planet. Professor Holden, in the paper just cited, speaks of 
them as follows: 

“It is not practicable to describe the remarkable changes that 
have been noted on the surface of the planet without a set of 
copies of the drawings for reference. There have been very many 
such. Marked changes have occurred in certain regions during 
the present opposition (notably in the polar cap, the region north 
and east of Lacus Solis, in the Fons Juventae, etc.). In many 
cases a feature has remained tolerably constant during the whole 
opposition, but is markedly different in its present form or color 
from the representations made in former years. . . . In some 
instances we have change of form alone; in others change of 
color; ina few cases the changes of form and color seem to be 
associated.” 

In conclusion he says: ‘I may briefly state my individual con- 
clusions, as derived from a comparison of my own observations 
of Mars at the opposition of 1875 and all succeeding ones, to be 
that the changes in the surface features of Mars as we now know 
them are probably not capable of being completely explained by 
terrestrial analogies. What are we to make of the lake called 
Fons Juventze, for example, which was a single object in 1877, 
which was not visible in 1879, and which has been both single 
and double during the present year? The dark areas on Mars 
may be water and the red areas land; but how are we to explain 
the faintly colored areas like Hesperia or Deucalionis Regio? Are 
they vast shoals like the Grand Banks of Newfoundland? Are 
they solid land, or are they water? Is it conceivable that an 
observer on Mars, examining the Earth in any part of its recent 
history, would have seen any such amazing topographic changes 
as we have this year observed, not to speak of the changes from 
opposition to opposition ?” 

Strange to say, in the magazine article now before us, written 
for the information of the general public, and claiming through 
its title to present the existing state of our knowledge respecting 
Mars, the ‘‘amazing changes’’ observed at Mt. Hamilton and 
elsewhere to occur upon the planet in 1892, and which have been 
repeated and observed at every subsequent opposition, are 
passed in absolute silence. It would be interesting to know how 
Professor Holden accounts for these striking evidences of activity 
of some sort on the surface of a planet where ‘it is certain”’ that 
everything is perennially frozen solid. 

Similar, though less extensive changes had been observed before 
by Schiaparelli and others, and upon the assumption that what- 
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ever upon Mars had a greyish or greenish color was a body of 
water, they were supposed to be due to inundations caused by 
the liberation of a vast volume of water through the melting of 
the polar snows. 

The true solution of this Martian enigma—the most important 
of the discoveries which have lately been made respecting Mars 
(a discovery which the Mt. Hamilton observers tailed to make 
because of the poor ‘‘seeing’”’ in 1892)—was found during this 
same opposition by the more favorably situated astronomers at 
the Harvard College Branch Observatory at Arequipa, in Peru. 
This Observatory is situated at an altitude above the sea nearly 
twice as great as that of the Lick Observatory, in an atmosphere 
which for purity and steadiness is probably unsurpassed, if it is 
equaled, at any other astronomical station in the world. More 
than this, at the opposition of 1892 the planet Mars crossed the 
meridian at Arequipa very nearly in the zenith. Under these cir- 
cumstances Professor W. H. Pickering, the astronomer in charge 
of the Observatory, and his assistant, Mr. A. E. Douglass, 
though using a telescope of only 13 inches aperture, had proba- 
bly the finest views of Mars which down to that time had fallen 
to the lot of any astronomer. What they saw and what they 
conjectured, may be gathered from the following extracts from 
an article written by Professor Pickering, dated Arequipa, 
August 1, 1892, and published in the same number of Astronomy 
and Astro-Physics that contains the Mt. Hamilton report, above 
cited : 





‘The changes which have occurred [on the surface of the 
planet] at the present opposition have been so conspicuous and 
startling that they might easily be detected even by the possess- 
ors of six-inch telescopes. The canals can now be observed 
readily on any evening. Many of those that we have seen here 
agree with Schiaparelli’s and several do not. . . . Some very 
well developed canals cross the oceans. If these are really water 
canals and water oceans, there would seem to be some incon- 
gruity here. When the snow melts, it seems that there really 
should be some oceans, and a careful study has been made of the 
dark spot previously referred to, at the northern end of the 
Syrtis Major. Although sometimes dark gray, yet in the great 
majority of cases when the seeing is satisfactory, and the spot is 
central, it appears of a clearly defined dark blue color. Another 
spot presenting a precisely similar appearance occupies a portion 
of the Sinus Sabaes or Herschel Strait. . . . It is my impression 
that these two areas are really water. . . As I have stated in 
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former articles, I very much doubt if what are usually known as 
oceans and canals contain any water at all. This is to say, any 
water which is visible as such, for it is possible and perhaps pro- 
bable that they may owe this color indirectly to the presence of 
water.”’ 

In previous communications to the same periodical Professor 
Pickering had given an account of a study of the colors exhibited 
by the dise of Mars, which he had begun at the Harvard College 
Observatory, in 1890, and had continued at Arequipa, in the 
spring of 1892. He had found the investigation not a simple 
one. The effect of the atmosphere, particularly when the “ see- 
ing’’ was poor, often misled the judgment. Greens, for example, 
were apt to appear as grays. He had convinced himself, how- 
ever, that certain areas of the planet had really a green color 
which could not be accounted for either by poor seeing or as 
effects of contrast. Ina paper dated at Arequipa, May 13, 1892 
he speaks of certain color changes which had already been ob- 
served as follows: 

When the Syrtis Major is central, before the autumnal equinox 
of the northern hemisphere, the region to the east is seen to be 
distinctly more greenish than that to the west. As the season 
wears on the difference becomes less marked, and the greenish 
hue is confined more closely to the region immediately bordering 
the Syrtis on the east. . . . Early in 1890 the entire region en- 
closed between the arms of the Syrtis Major, as far as the snow 
‘ap, was of a brilliant green color. On June 27, however, or 
eleven days before the vernal equinox of the southern hemisphere, 
a yellow spot appeared at the extreme northern point of the tri- 
angular area. As theseason advanced, this yellow spot increased 
in extent, till it covered the whole area as far south as could 
be seen. This year when first observed this area was entirely 
green, but on May 9, or seventeen days before the vernal equinox 
the yellow, or perhaps reddish spot appeared in the same place, 
and it will be interesting to determine if, as the season advances, 
this color again progresses towards the pole.’’ Two other large 
greenish areas are also mentioned as having undergone similar 
changes of color. 

As to the significance of these color changes Professor Picker- 
ing refrained in this paper from expressing any opinion. In his 
next communication, written two months and a half later—the 
first above cited—after the changes had been observed to come 
‘so thick and fast upon the planet”? that when evening came 
around and the two observers put their eyes to the telescope ‘‘we 
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never knew what we should see next,”’ he is equally guarded in 
making any surmise as to their causes. The following passage, 
however, shows plainly the thought which he had in mind 
and indicates that really he had come to a decision in the matter: 
“While their reappearance’’—that of certain green areas of 
which he has been speaking—‘‘ might with some show of proba- 
bility be attributed to the presence of one of the great branches 
of organic life upon the planet, and with this branch, as an al- 
most necessary corollary, the other one, we must still consider 
the matter merely in the light of a tentative hypothesis, until 
further observations are accumulated, and content ourselves 
with the statement that no facts have as yet been observed inim- 
cal to this idea.” 

Observations have since accumulated—notably the splendid 
series made by Mr. Percival Lowell and his assistants at Flag- 
staff, in 1894 and subsequently—and the statement still holds 
good that no facts have been observed inimical to the idea that 
these color changes upon Mars, which have been found to repeat 
themselves at corresponding seasons of the Martian year, are 
due, in part at least, to the growth and decay of vegetation. It 
is now certain that there are no large bodies of water upon 
Mars. Convincing evidence of this is afforded by the observed 
fact that many of the ‘“‘canals”’ traverse the dark areas formerly 
supposed to be seas. Some of the smaller and more deeply 
colored of the dark areas which make their appearance simul- 
taneously with the melting of the polar caps may well be due to 
an increase in the size of lakes too small to be ordinarily visible, 
or to the formation of temporary lakes by the liberated water; 
but for the larger portion of the color changes observed the inun- 
dation theory does not afford a satisfactory explanation of all 
observed facts, while the vegetation theory does account for them 
admirably. The changes are, indeed, just such as a supposable 
lunar astronomer might observe taking place over the Earth’s 
temperate zones, were he to keep a watch upon the Earth for an 
entire year. 

The permanently dark areas upon Mars, then 
supposed to be oceans 





areas formerly 
and those which are variable in color 
must be regarded, in the light of these recent observations, as 
probably the planet’s lowlands, where, if anywhere, are to be 
found its forests and meadow lands, while its orange colored 
areas—its ‘“‘continents’’—are probably regions of a higher eleva- 
tion, which, in all likelihood, because of the rainless condition of 
Mars, are arid deserts. 
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If we accept this evidence that Mars has vegetation, have we 
any grounds upon which we can base a reasonable conjecture as 
to the character of the vegetation? Upon this point it may be 
said that the range of speculation regarding life in the other 
worlds than ours has been greatly restricted by the progress of 
the natural sciences in the last few years, and even more by the 
discoveries made with the spectroscope. It is now known, on 
the testimony of this instrument, that the material of which 
worlds are made is everywhere throughout the visible universe 
the same. It may confidently be assumed that the properties of 
matter are also everywhere the same. We must conclude, there- 
fore, that chemistry—inorganic, at least—is everywhere the 
same, just as we believe that the law of gravitation is of univer- 
sal application. Organic chemistry admits, no doubt, of more 
latitude of speculation, owing to the greater variety of forms 
to which it may give rise; but that its principles are every- 
where essentially the same, we must believe, and we may 
reasonably conjecture that it yields everywhere essentially 
the same results, and that our terrestrial types of life are 
universal types. The time is past when it might be reason- 
ably conjectured that there are worlds in which silicon takes the 
place of lime in the formation of bone, or worlds in which a 
slight change of composition renders chlorofol red instead of 
green, or that life, whether vegetable or animal, is possible any 
where at the temperature of boiling water. While we may not 
be warranted in concluding from these premises that the Martian 
flora and fauna present the same series of species and genera as 
the terestrial, or substantially the same, still this is by no means 
unlikely. We know, at any rate, that the Martian vegetation is 
green, like the Earth’s, not red, as has been held to be possible, 
and this is one point scored. 

But whatever views may be held upon the points above raised, 
no naturalist will now hazard the surmise seriously that life is 
anywhere possible under conditions which would render it impos- 
sible upon the Earth—that, for instance, life of any kind could 
exist upon Mars were the temperature there permanently below 
the freezing point of water. This should decide the question of 
the nature of the polar caps. Water, in the form of snow or 
frost, is the only substance to which they can be referred until we 
come to a temperature 109 degrees below zero Fahrenheit, and a 
degree of cold so intense as this, even locally and temporarily, 
upon a planet capable of sustaining life is hardly supposable. 

Having decided that the Martian polar caps are in all proba- 
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bility really snow caps, we are next led to a conclusion which is 
somewhat of a surprise, considering the point at which we 
started, namely, that the average temperature upon Mars, in- 
stead of being lower, is really higher than upon the Earth. This 
is indicated by the fact that the polar caps never reach to so low 
a latitude as do the Earth’s winter snows—about 65 degrees of 
Martian latitude is the lowest line to which the southern cap has 
been observed to descend—and that in summer they nearly and 
sometimes entirely melt away. It is needless to say that this 
never happens to the Earth’s polar caps; and yet, since the axis 
of Mars and that of the Earth have about the same inclination 
to the ecliptic, the obliquity of the Sun’s rays in different latitudes 
at different seasons is practically the same for each planet. The 
complete explanation of the higher Martian temperature thus 
plainly indicated by these natural thermometers, doubtless, like 
that of all other meteorological phenomena, is a complex one. 
One factor which certainly enters largely into the solution of the 
problem is the fact that there are no extensive oceans upon 
Mars as there are upon the Earth, to absorb a large portion 
of the Sun’s radiation without becoming greatly heated thereby, 
and that the whole power of the solar heat rays is employed in 
heating a land surface—a surface, too, of which the larger por- 
tion is, apparently, unprotected by vegetation; is a sort of Sa- 
hara desert. How this circumstance alone affects the annual 
average temperature of the whole planet, it may be hard to say. 
Its effect in the summer season of either hemisphere may easily be 
a temperature considerably higher than the average summer 
temperature upon the Earth, in spite of the fact that the heat- 
ing power of the Sun is less there than here. Why the winters 
are not correspondingly cold, is not so obvious. 

A few words in conclusion about the atmosphere of Mars. 
There can be no question that there is upon this planet an at- 
mosphere of some kind, although both theory and observation 
lead to the conclusion that it is very much less dense than the 
Earth’s. Very likely it is, as Professor Holden assures us, ‘‘less 
in amount than that surrounding the summits of the highest 
Himalayan peaks.”’ As to the composition of this air, the pre- 
sumption—in view of what we know of the materials of which 
worlds are made—is that it is essentially the same as the Earth’s. 
We know, at any rate, that it contains carbon dioxide, else there 
could be no vegetation upon Mars, and, by the same token, we 
know that it also contains oxygen, and it must also contain 
aqueous vapor, for without this there could be no snows or 
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frosts upon the planet. Whether or not it also contains nitrogen 
and in what proportions its various constituents are mixed, it is 
impossible to say. Still, in view of what we do know in the 
matter, the uncertainty in these respects is hardly great enough 
to warrant the declaration that “It is more than likely that 
what air there may be upon Mars is of a kind fatal to human 
life.” On the contrary, we would throw the likelihood into the 
other scale of the balance. Nor is the excessive tenuity, of the 
Martian atmosphere so serious a matter, perhaps, as Professor 
Holden would have us think. At any rate, we know that here 
upon the Earth the range of atmospheric density within which 
human beings may exist without discomfort is quite large. 
Workmen engaged upon submarine structures may be enclosed 
for hours at a time in caissons in which the air is compressed to 
a density two or more times that which they ordinarily breathe. 
On the other hand, mountain climbers are not badly oppressed 
for breath at the height of the summit of Mt. Blanc, where the 
atmosphere has barely more than one-half its density at the sea 
level, and aeronauts have never been seriously affected by the 
rarity of the atmosphere until they have reached an altitude of 
over five miles—have ascended nearly or quite to the height of the 
highest peaks of the Himalayas. In view of facts such as these 
it seems probable that if the Earth’s atmosphere should slowly 
decrease in density through successive centuries, the existing 
lung-breathing terrestrial animals, man included, would become 
adapted to the changed condition, and that the atmosphere 
might attain to a state of rarity much greater even than that of 
the air of Mars, before it would become insufficient in amount to 
sustain human life, even as we are now constituted. 

A discussion of the ‘‘canals’’ of Mars does not fall within the 
scope of the present article, the purpose of which has been to 
present fairly and as completely as possible within the reasonable 
limits of such an article the present state of the evidence that 
Mars, far from being a frozen-up world, of which the ‘nearest 
analogue in the solar system is our own Moon,” is a habitable 
world. The evidence that it has vegetation of some sort, that 
comes and goes, like the Earth’s with its change of seasons, is as 
nearly conclusive as such evidence can well be. If the planet has 
vegetation, we can hardly doubt that it has animal life also. 


Professor E. C. Pickering of Harvard College Observatory has 
received the Gold Medal of the Royal Astronomical Society, 
awarded for researches on Variable Stars, and his work in As- 
tronomical Photography. A most able address was delivered by 
the President, Mr. E. B. Knobel, accompanying the award. The 
address is published in the Monthly Notices of the Society. 
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ESTABLISHING A MERIDIAN LINE. 





GEORGE C. COMSTOCK. 
For POPULAR ASTRONOMY. 


In connection with the teaching of elementary astronomy I 
have recently had to consider the problem of marking out upon 
the ground a meridian line without the aid of any astronomical 
tables, instruments or other appliances beyond what may be 
readily improvised from the resources of an ordinary school room 
or home and the following brief résumé of the results obtained 
may be of interest to others. 

Assuming that under the circumstances here considered it will 
always be feasable to construct a plumb line five or six feet long 
which can be suspended with its weight swinging in a bucket of 
water to check vibrations, one may by sighting past it “plumb 
down” from Polaris, set two stakes on line with the star and 
note from a watch the time at which this is done. The line thus 
determined will be nearly in the meridian and will require only a 
small shifting of one of the stakes toward the east or west to 
furnish the true meridian. The amount of this offset must be de- 
termined from the recorded time at which the observations were 
made and tor this purpose the error of the watch referred to local 
time must be determined by comparing it with railway time and 
correcting for the difference of longitude between the observer’s 
local meridian and the standard meridian. Scale off this differ- 
ence of longitude from some map and also read off the latitude of 
the place of observation as this will be required in the subsequent 
reduction. 

The next step is to determine the hour angle of the star at the 
time it was observed and for this purpose we note that Polaris 
and the mean sun are in conjunction on April 12, and on that 
date the hour angle of the star at any moment is equal to the 
time shown by the watch; e. g. at 7p. M. the star’s hour angle is 
7" = 105°. Owing to the eastward motion of the mean sun in 
right ascension, at the rate of nearly four minutes of time per day, 
the hour angle of Polaris on subsequent days will be greater 
than the time shown by the watch but may be found upon any 
date from the equation 


t = W-+ 4 (Date — April 12) I — =) 
where W denotes the local mean solar time; the interval Date — 
April 12 is to be expressed in days and the product of the three 
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factors composing the last term is given in minutes of time. The 
co-efficient, 4, when multiplied by the factor 1 — 2 gives the 
daily motion of the mean sun in minutes of time. The date of 
conjunction, April 12, is not quite the same in all years on ac- 
count of the star’s precession but comes about a day later at the 
end of each decade, April 13 in 1910, April 14 in 1920, ete. 

The hour angle, t, as given by this equation may be anything 
from 0" to 24" and in place of it we now substitute the hour 
angle reckoned either forward or backward from the nearest cul- 
mination, either above or below the pole, 7. e. we take 

T t, or = 12" — t, or t— 12", or 24. — ¢, 
use whichever one of these relations will make 7 less than 90° and 
find from it the star’s true azimuth at the time of observation 
through the following simple construction, Fig. 1. 

At one end of a straight line, p, whose length is taken to repre- 
sent the polar distance of Polaris, construct an angle equal to r 
and at the other end construct an angle equal to the sum of the 
latitude, ¢, and the complement of 7 i. e., 90° —+r + ¢. Produce 
the sides of these angles until they meet and in the resulting plane 
triangle the side, a, opposite to the angle r will represent the azi- 
muth of Polaris upon the same scale that the side p represents 
the polar distance. For this construction the polar distance of 
the star may be assumed to be 1.23° at the epoch 1900 and to 
diminish 0.01° for each two years thereafter, i.e., 

p = 1.23° — 0.005° (T — 1900) 

If p is given in degrees a will of course be read from the dia- 
gram in degrees and its application to determining the offset to 
be made from the stakes driven at the time of observation, will 
be greatly facilitated if these stakes were set 47 feet 9 inches 
apart. In this case lay off ten inches for every degree contained 
in a and note that the northern stake is to be moved toward the 
east if the hour angle, t, was less than 12" but must be moved 
toward the west if t was greater than 12". 

To show that the construction given above correctly represents 
the azimuth of the star we assume the development of this 
azimuth, A, reckoned from the north, in a series proceeding ac- 
cording to the powers of the polar distance, as follows, where 
only the first two terms of the series are given: 


, As 
A=psec¢sint + 5 p’ sec ¢ tan ¢ sin 2t 


In Fig. 1 the broken line is a perpendicular let fall wpon one side 
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of the triangle and from the geometrical relations involved it is 
easy to see that this line divides the angle 90° — r+ ¢ into the 
two parts, 90° — r adjacent to p and ¢ adjacent to a. From the 
figure the length of the broken line is either p sin tr or a cos ¢ and 
from the resulting equality of these two expressions we have 
a= psec ¢sint t+ psec ¢sin t 

i, e. ais the first term in the complete expression for the azimuth 
and the second term in the expression above given for A meas- 
ures the error of the azimuth read from the diagram, which is 
thus seen to be only approximately correct. In latitude 60° the 
maximum value of this error does not exceed 3’ which is but 
little if-at all greater than the probable error of the observations, 
while within the limits of the United States the error involved in 
the construction will rarely surpass 2’. 

Errors in the observed time or 
in the assumed latitude will also 
affect the precision of the result- 
ing meridian line but only toa 
minor degree and under ordi- 
nary circumstances an error of 
five minutes in the time or a de- 
greein the latitude represents the 
limit below which errors of this 
kind are of little consequence. 
Errors of even less consequence 
than the foregoing are those 
arising from the nutation, aber- 
; ration and the disturbing effect of 
the bissextile day in leap years, all of which are ignored. 

Fig. 1, which is accurately drawn to scale, represents an obser- 
vation of Polaris, such as is described above, made at Madison, 
Wis., March 10, 1901, at 7:45 p. M., Central Standard Time. 
From the map consulted, Madison appears to be in latitude 
43.1° and to be half a degree (2m) east of the 90th meridian. 
With this data we readily obtain 
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t e = 37" 84.2 90° —7r+ ¢ 48.9° 
and the triangle was constructed with these angles, laid off by 
means of a protractor, and with an assumed p = 1.23°. The 
azimuth scaled off from the diagram is a = 1.68°, while from a 
trigonometrical computation, based upon the data of the Amert- 
can Ephemeris, I find for the given time and place A = 1.66° west 
of north. 
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In connection with the allied problem of determining the lati- 
tude from an observed altitude of Polaris we may note that the 
distance from the vertex of the angle rt to the foot of the broken 
line shown in Fig. 1, represents the difference between the star’s 
altitude and the latitude and may therefore be applied as a cor- 
rection by which to pass from one to the other, the degree of ap- 
proximation being practically the same as in the case of the azi- 
muth, a. Thus from Fig. 1 we may obtain by direct measure- 
ment h — ¢ = 0.12°, the altitude being greater than the latitude 
since tis less than 6". The true difference, h — ¢, derived from a 
trigonometric computation, was 0.11 
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From (3) we see that ® is a function of the masses of the 
planets (m) and (m’) and of the distance between them, and 
from (4) that it possesses the property of representing by its 
partial derivatives, the action of the planet (m’) on (m). The 
whole theory of perturbations rests on the consideration of this 
particular function which can be developed into an infinite series 
of terms of the form 

m’A cos (int — i’n’t + B) 
where nt and n’t represent the mean motions of the disturbed 
and disturbing planet; 7 and / whole numbers which can have 
all possible values, positive or negative including zero, and A and 
B functions of the elements of the orbits but independent of the 
time t. 

In order to simplify the development of this function as much 
as practicable we shall consider only the reciprocal action of two 
planets (m) and (m’) in their motion around the Sun. 

Equation (3) is 


aw /1 xx’ + yy’ + zz’\ 
2) (—-— va 
1 m \ p ” in ) 
nm’ /1 r+r?—p*\ 
(———_,,—* ), by (1) 
1 m \ p rl i 


If ’ denote the angle formed at the centre of gravity of the Sun 
by the two radii vectores r and r’, we shall have 


* Continued from Volume IX, page 145 of PopuLAR AsTRONOMY., 
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pP=—rt+ r?— 2rr cosd8 


and if v and v’ represent the longitudes of the planets (m) and 
(m’), 7 and 7’ the longitudes of their common node, reckoned on 
the plane of their orbits and from a fixed axis, and y the mutual 
inclination of their orbits, then from the spherical triangle whose 
two sides are v — r and v’ — 7’ and the included angle y, we have 


cos 6 = cos (v— 7) cos (v’ — 7’) + sin (v—r) sin (v’—7’) cos y 


y 


= cos (v— v — 7 + 7’) — 2 sin (v—7) sin (v — 1’) sin’? 


= cos (v— v’ —7r+4+ 7’) cos (v + v’ —r—7’) sin’? 
— cos (v— vw’ —7r+7’) sin’? 
But since the factor sin’; is always very small, we can without 


_ 


appreciable error, put t = 7’ and writing 7’ for sin’) the above be- 


comes 
cos § = cos (v— v’) + 7 {cos (v + v’ — 27) —cos (v—v’)} 
which substituted in the value of p? gives 
P= r+ r?— 2rr’ cos (v — v’) — 2rr’7’ {cos (v + v’ — 2r) 
— cos (v—v’)} 
and this substituted in the value of © gives 
, 


m bd r 
@= — 20 se 1’? — 2rr’ cos (v — v’ 
1+ m | ( ( 


— 2rr’7’ [cos (v +- y’ — 2r) —cos (»—v’)]) - 


r 9 ‘ ~— 
—_ 7,( cos (»— v’) +7? [cos (v+ ¥ —2r)—cos (v—v)]) t (55) 


For brevity put 


2¢ = cos (v + v’ — 2r) — cos (v — v’) 
and Q=r-+ r?— 2rr’ cos (v—v’); (56) 


then the above becomes 


1 

mm ( a ae 3 arr’ } 

® = sae O— 4rr’n’l) ~“—— cos (v—v’) ——— rE - 
aT 18 ro) we COS ( \— ae 16 | 
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1 
1m -_ ' 
‘oO - a cos (v—v’) ' 
i-+m (~*~ r- \ 
P 3 
m \ , 9% 4 2 1 | ~— 
+. - 2rr7t| O —-, (57) 
1+ m | , ies a a 
m ee ete ee 
Zz ) 6r7r77'2 O 
1+m | - \ 
m a 
) 20rr *y’°C’O 
1+m | a \ 


By neglecting for the present the terms containing 7’, which are 
very small, we see that © depends onr,r,vandv. The angle y 
which enters implicitly into the last three terms of (57) is itself a 
function of the inclinations of the orbits to the plane of xy, and 
of the longitudes of the ascending nodes; for in the spherical 
triangle whose side is 8 — 8’ and adjacent angles i and 180° —7’ 
we have for computing the angle y opposite to this side 

cos y = cosicos7 + sinisin 7 cos (Q — Q’) (58) 

In order to develop the terms of (57) into a series proceeding 

according to powers of the eccentricities, we put 


r a ar 

"af a’ an 

v I +y (59) 
Y=PF +r 


where A, A’, v and v’ are very small quantities depending on the 
eccentricities of the orbits of (m) and (m’) and / and I the mean 
longitudes nt + « and n’t + ¢ of the planets respectively. Sub- 
stituting these values of r, r’, v and v' in (57) and neglecting at 
first A, A’, v and v’ and denoting by ©, what © becomes under this 
condition which is that of circular orbits, we have 

m 


\ 2 a " | 
© AS — —, cos (J—T 
F 1+m (~ a” yi 
m’ ay 3 1 \ 
7 2aa7nt,|Q ~ ——x } ( (60) 
1+ m | Gon a” 7% 
m > | 
6a’a 2y 17 ) 
1+ m te \ 
where Q, = a? + a? — 2aa’ cos (1— I) 
and 2¢, = cos (J + lf — 2r) — cos (J—T) (61) 


We now pass to the case of eccentric orbits by attributing to 
a, a’, land I the increments ad, a’d’, v and v’. 
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Put Q ?#— “30s (I—) ; 54° cos i1(/—I), 


a 


— 2 1 1 (i) . y 
Q “- a 2 5). cos i (/— I) (62) 
and 0,2 : C” cosi(I—I 
an Q, 5 cos 1(/— I’) 
in which 7 hasallintegral values from i = + » toi=— o includ- 


ing O and the coefficients A“’, B®’ and C" are functions of a and 
a’,andsuchthat A? = AT? B® = B—» andc® = C—», Mak- 
ing these substitutions in (60) and considering the first and sec- 
ond terms only, which are sufficient for our present purpose, it 
becomes 


~* 1 Tm 3o4° sid) 
—_ a ; : foe con Uf) > 2° sail. 
+ 1 a ; 5 yaa’ cos (1 + I — 2r) > B° cos 1 (1—T) 
= ; 5A” cos i(I—T) 
“% a : = aa) BS” cos i (I1— I) (63) 
+ gta DBS cos (i(I—1) + 2 (0 —9)) 


The transformations in the last two terms depend on the fact 


. i) ‘aa ° 
that the product of > A“ cos ia for example, by the cosine of any 


other angle 6, is) A® cos (ia -|+ 6); thus, developing the expres- 


sion } A™ cos ia we have 


i . ) 1) | (2) ‘ 3 © 
} A™ cos ia = A°+ A’ cosa + A” cos 2a + A™ cos 3a + ete. 


(—1) (— 2) 
+. A cos—a+A cos — 2a 


+ A~™ cos—3a + ete. 
from which we see that the development proceeds in pairs of 
terms, andsinceAW = A” and cos — a = cos a, the above be- 
comes 
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° ( \ 1 ‘ (2) ‘ ‘ 3 € 
) A cosia= A’ + 2A’ cosa + 2A“ cos 2a + 2A cos 3a + ete. 
now multiplying this by cos 6, we have 


(i) . is) P (1) 
cos 6 ) A™ cos ia = A cos 6+ 2A” cosacos 6 


2A” cos 2a cos 6 + 2A cos 3a cos 6 + etc. 
A° cos 6+ A™ cos (a + 6) + A” cos (a — 6) 
i A™ cos (2a + 6) A“ cos (2a 6) 
A™ cos (3a + 6) 4 A” cos (3a 6) 


| 1 
A” cos6+ A” cos (a + 6) 


+ A cos(2a+6) + A™ cos (3a + 6) + ...... 


A‘—” cos (—a—8) 


A” cos (— 2a — 6) + A~ ® cos (— 3a — 8) 


> A” cos (ia 6) (64) 


In the same manner it is easily shown 


that sin 0) A™ cos ia > 4° sin (ia + 6) 
and sin >> A® sin ia > 4° cos (ia + 6) (65) 


Let us now consider the first term of (63) which is independent 
of 7? or the inclination of the orbits to each other, and let us put 


aw 1% 1a ; ; 
®,., i =5 >A cos 1 (/ —T) 


Now A® is a function of a and a’ and therefore ®,., is a function 
of a, a’ and (J— I’), and when these variables receive the incre- 
ments ad, a’\’ and v—v’ respectively we have by Taylor’s The- 
orem 


m 1 ios = 
@,., = i ae > A’ cos1 (1 I’) 


m 1 dA” ; ' 
1+m 2 : da cos 1 (/ l) 


— 


~ 


m’ , ; (i) . : 
+ ae > a dA cos i (/ F) 
1+m da’ 


(v—v’) > ia” sin 7 (J — I’) 
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m’ (ae Ar. : 
+s m4 > a’ — cos 1(/— I) 

tm’ in PA” - , 
Tist+m i* >» da® “°°? ili 

m’ 1 ae sacl ae , 
a ee tl > PA’ cosi(1—T) 


~ 


tm’ ? ,aqa”’ _. ’ 
+ ee aa _cos 1 (1—I') 
1+ m da da 


mm’ 1 = ae 
—- e rv F oo a € S — j 
ci. Ss (a v’) } la ~ 40 sin 1 (J— J’) 
m7 £. ; wir ‘ ia 
> m* D> (v—v’') } a sin i (/—/) (66) 


mn?’ _ eA” : : 
ss 7 7° ts Pe >. 2 dae ©O8! (U/— I) 
(i) 


; m’ ads oi 
+ ey 12 ya da’ cos 1 (1— 1) 


TT; . on” “4 (v— vy > 2A” sin i (/— I’) 


1m’ PA” F 
+ ae aa’ —— cosi1(/— I 
1 m z da? da omnes ) 
m’ PA” 
- = AX’? aa’? si(l—T 
1+ m Zz da da” ™ ) 


mm’ 
1+ m° 


1 

1. 

1 

4. 

1 .,@A” , , 

4 (v—v') >. ia’ . sin 1 (J— I’) 

mm’ 1 ofA” . , : 

a wee 4%” (v—v') > ia” —_ sin 1 (/—I') 

1 » dA” ; ; 

Z. (vv)? Dita — cos i (/—I) 

Xv) > ita a cos 1(/— I) 

: 


m’ Ar’ ( ' >i P AW ; U r) 
a ° / (v—v 1aa’ > sil 1 — 
1 m 2 da da 


a 


tm 
1+ m’° 

m’ 
1+ m-° 


If we now substitute in this development the values of 
AX, #, A ...... v—v, (v—v)? ..... A (v—v), Xv (v—v)...... which 
are easily obtained from (39) and (40) we shall obtain the de- 
velopment of ®,., proceeding according to the powers and pro- 
ducts of the eccentricities, to any order of terms which we desire. 
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TERMS WHICH DEPEND ON THE First POWER 
OF THE ECCENTRICITIES. 
Let us first consider those terms which are independent of the 
eccentricities and those depending only on their first powers. 
From (39) and (40) we find 


v a ae cos (/ w) 

v nt + «+ 2e sin (J — wo) 

vy’ a’ ae’ cos (I w ) (67) 
v’ n't + ¢ + 2e’ sin (P w ) 


where we replace M by its values nt or ]— o, n being the mean 
motion, / the mean longitude and » the longitude of the perihelion, 
therefore we have 


A e cos (/ w) 

v 2e sin (/ w) 

V e’ cos (I' — a’) (68) 
vy’ 2e’ sin (I' — w) 


Substituting these in the first four terms of (66) which are the 
only terms involving the first power of these increments, we 
have 


m’ 1 a) 
®.. = a '3D4 cos 1(/—T) 


m’ 1 dA” : ; 
a eo e cos (I—») a -_ cos 1(1— I) 


~ 


ee. - 7 e cos (I — wo’) a il cos 1(1—I 
itm ’s da 
, 1 : r Gi . . y 
~~’ i «5 2e sin (1— ») » iA“ sini (1/—T) 
’ 1 aor : : m (i) ° . , 
+7 Fm 2 2sin(I—o) Y) 7A sini 1) 


— 


= mone : > A® cos i(/—T) 
1+ m 


\w 


f 1 F ta 
—i.= 5 e } a = cos { 1(/—T) + 1—«) 
j 1 as # ; 
ee } 1 A*’cos IU—f) { |—o) 


— 


w 


m' . ye : , , 
ms ere >? —_— iG— I—«') 


mm’ : ee - ; , ‘ 
— »72e } 1A°’ cos(1(J—T) 4 r—w ) 
1+ m \ / 


= i — > 4° cos i(J—T) (69) 


t 


— 


* 
ee 


t 


= 


. 
~ 


t 
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, q (i) _ , \ 
 —_— : e> ; a _ — 2iA“” cos (ir) +1-«) 


1+ m da 


m' F Me nh, — 
“2 =-5¢> 4 aaa |. 271A ( cos i(iI—T)+I—o 


- ° . . ° . ~ i) . 
We may eliminate the partial derivative of A“ with respect to 





a’; thus, since the coefficient A’ is a homogeneous function of a 
and a’ of — 1 dimension, we have by Euler’s Theorems of Homo- 
geneous Functions 


ae”. 


‘ - : ? A” 
da da 
whence 
dA” a) dA” 
a’ . -A”’ —:; 70 
da da (70) 
which substituted in the above gives 
mm’ 1 
= : A™ cosi(1—T 
o 1+ m 52. . ( 
m’ 1 ( dA” — ‘ gol 
wat wr rare Tee > \ 2 ap — 2iA“” | cos{ i(I—T) +1—«) 
m’ ¥ ( sms (i) dA” | - 
: 2i— AN’ —<é ; 1 
1+ m ¢ D} 2i 4 ’ da \ \¢2) 


cos (i(I—1) + 1 —«') 


TERMS WHICH DEPEND ON THE SECOND POWER 
OF THE ECCENTRICITIES. 


From (39) and (40) we have as before 


e 
r= a—aecos(]—wo)+a (1 —cos 2 (/ »)) 


yA 


Pt se « _¢ = 
v= nt +e-+ 2esin (J — o) + q© sin 2 (l—») (72) 


” 
r'=a —a'ecos([—w)+a>5 (1 — cos 2 ([—wo )) 


’ , ’ . ” , v0 ") ° c ” ’ 
v=nt-+e + 2e’ sin ([ —w) ge’ sin 2 ([— o) 


whence we have 
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e / 
r = ¢ CUS (] -w) 4 \1 cos 2 (/ _ »)) 
v 2e sin (1 — w)"+ ~ & sin 2 (J — 0) (73) 
, , . : e? / 5 : 
A -e cos (f — w) sk. cos 2 (I -o')) 
_ \ 
Vv 2e’ sin (I — a’) i‘ sin 2 (/ w’) 
From which we find 
oe \ 
ae —( 1 cos 2 (1 — w) 
2\ y 
r’4 = (1 cos 2 (I w ) 
; / a 
AA 5 ee cos{ (/ w) (/ w 3 
L., / . ; 
a Ce COS (/ w) (I = 
~ \ / 
v—v = 2e sin (J — w) — 2e’ sin (! — w’) 
( v')? 2 (e + e’”) 2e’cos 2 (/ w) 2e" cos 2 (I w ) 
Lee’ cos (| (J— o) I w') 
. a 
Lee’ cos (| (1 — w) — (1 w ) ) 
\ / 
— a a 
A(v—v) e' sin 2 (J—wo) + ee’ sin{ (J — o) + (I—e’) } 
/ 
ae ‘ fs 
ee sin (] w)—(T 7) 
\ / 
- . , ; re i ; i ¥ 
L (v—v’) e”® sin2 (I — w') —ee’ sin( (J—»o) +- (J w') ) 


-e€e’ sin ‘a w)—(I'—a’) } 

\ / 

and substituting these in the terms of (66) which are effected by 
them and the second terms of (73) in the second, third and fonrth 
terms we obtain the portion of this development which is of the 
order of the squares and products of the eccentricities. 
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PF ms (1+ 0082-0) at TE cos 1 

1 mm . a (1 + cos2 (I — ”)> — elcid. 

1 — ; ; (2 + 2) 7a” cos 1 (/— I) 

; a . cos 2 (J— 0) > 2A” cos 1 (J—T) 

mF 6082 (Pa) SA cos i (I= 2) 

i c m* of £98 (u— + (7 — ')) ¥ #24 cos i(/—T) 

eee (u- wo) —(— “)) SY r4® cos i (JI—) 

1 oa : ad cos( (Ie) r t—o!)) > aa’ ra C08 silted 

Fm 4 08((-9) 0) Saat PA” cosi(I—r) 

; —— a sin 2 (J—w) > ia i sin i (/—/) 

1 a= sin (Uo) 7 (0) ¥ iat uenisitiee 

1 i sd sin C=—a t- ')) Dia i mana tf) 
a. —_— ~~ ae 

itm’ osm 2 ( — a’) > ia a (i—T) 

—— 3 sin( (I) + (10) ) Sia’ = sini (/—I') 

— *) sin( (0) —(1—w)) Dia a ant £) 

—_ : cos 2 (J— "ya dan cos ‘U—f) 

1 a : a >" - eT e) 

mF cos 2 (fF — o) Ya’ a cos i (/— I) 
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7 ~ e sin 2 (J— v) > ia® sin i (J—T) 
F 5 


i i — 3 e? sin 2 (/ — vw) > ia® sin i (J— TI) 


Reducing by the aid of (64) and (65) and uniting similar terms, 
we have 


m >) ( aA” —r dA“ | . 
& = ‘ a’ — 4,7”, De Z2coOs ] I 
ore 1 + ms { , da’ aie ' da ‘ inate, ) 


1m’ 1 ( PA” er dA ) 
-! — a° a —41°A*’ + 2a ; 
1+m 8 | da” da’ ‘ 


e? cos i (J/— TI) 


, im >. ( 2 PA” 2(2i-+1) dA” 
4 a? _ 92; ‘ 
1+m 8s | da? ‘da 


+-7(47+ 5) A’ ecos( idi—Pr) t 2(I—») ) 
\ \ 


m 1 . se sail dA” ia 
: a” - 9(9;— 1) .2' 4 
+77 med} da” (ar Ea da’ — 
ee ene ae a 
+-17(47—5) A* ; e° cos i(/—T)-4 2(f—o') ) 
am 41 > lua Ca cee” 9 A 
' 1+ m4 (°" dada’ * ~"" da ee aa 


/ 


—47?A ! ee’ cos( (i—1) (1+ 7) + 21—(4 “)) 


\ 
m 1 ( a. ae eS la 
- - F > aa ; 21a — 21a ; 
1 m 4 { dada da da 
17°A , ee cos! (74 1)(7—’) (w—w’) 


This may be further simplified by means of (70), thus 


, da” x dA 
él 5 —, a 
da da 
whence we have by the theory of homogeneous functions 
, PA” dA” _eA” 
aa ;=—a a 
dada da da’ 
A” ‘in » 4 (i) — 
and a” =" 2A*" + 2a = es. (75) 
da” da da 


which may be substituted in the above and thuseliminate the de- 
rivatives of A“’ with respect to a’. 
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We will now consider the second and third terms of (63) which 


we will represent by Q,.,, thus 
m x ‘= ‘ , 
®,.. =— ee yaa } B“— » cos i (1— TP) 


mm 


a 7 ; yaa > BS ” cos (i (I—1) +2 (I —1)) 


These functions involve the inclination of the orbit of (m) to that 
of (m'), and are already of the second order. It will therefore 
suffice for our present purpose to develop them according to the 
first power of the eccentricities. Since B“~” is a function of a 
and a’, we shall have as in the case of A” 


mm Eta = . 
®).. = — i = Fae > B°—” cos i(l—T) 
+m 2 
nn’ Ess ye 2) : ; 
ers . — yaa’r > a os cos 1(/—T) 
(mM «4 da 
mm Re es) ; 
ae yaar > a’ = —_ cos 1 (/— IL) 
. ~ da 
my’ ee ' -pti—1) sin j (J — PL 
+3 mn’ 3B yaa’ (v—v') iB sin 1(/— I’) 
mn’ 1 


ry oe aa’) B—» cos (i (IP) 2 (Ir —7)) 


m/’ Bhan iBS-» ; 
. jaa’) a dB -os (i(I—P) + 2 (P— ) 
1+m 2 pa da _— (it lie ” 
, 1 »(i — 1) ‘ 
+72 .5 aan > a iB cos(i(I—?) +2 ("—1)) 
1m’ 1 


aa pes ‘ yaa’ [b—v) > iBs ao hy 
sin (i(I—P) 1 2(r— 2r)) 


Substituting the values of A, \’ and v — v’ as given by (68) we ob- 
tain by the aid of (64) and (65) 


m’ 1 us ai ; 
®).. = — . 22a’ > B cos i(/—TI 
sing 1+ m 7 ' \ 


—s 
ms 
=} 
S 
bo 


~ 


t 


1m’ Ss - dB°~”» (; 4 \ 

4 ins yaa a => e cos " (J— I’) +1i— ud 
, 1 és IR 1) »\ 
. ae) ee cos (i(I—r) +P — 0" ) 


/ 


~ 


, 1 a, , i 
~s = ae faa’) 2iB°~—” ecos (3 (f~ 7) + f~ ) 


t 
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m 


1+ m° 


m1 


m7’ 


1+ m° 


m’ 


m7’ 


1+ m-° 


nm’ 


~ L+m° 


ho 


—" 


~ 


t 


pee, 


~ 


t 


naa’ } 23 


waa’) Be —» cos (i (J—I) 2 (’ —r) 


i—1) 
2a’ dB' 
nae a e 
da 





1) & 
e’ cos " (U—l) +1—w' ) 
\ 
y) 


/ 
cos id— ’)+2(’l—r)+ 1 —o') 


) an? 1) 
yaa’ } 2iB e 


G1) + 2-1) + 1-0) 


\ 


2 , 9; 1 ae 
naa > 2iB' e 


8 +7) 4+ 2 —*) + T—w') 


cos 


cos 


and grouping similar terms together we have 


ny’ 


3 — 


1+m’° 


1 


9 


naa’ _ > B —» cos i 1—/) 
/ 
> B Yeos(i(I—P) +2(P—r)) 


y 1) 
/ dB ae ee 
a — 2iB" ') 


e cos(i(/—V7)+1— ») 


\ 


y 91 1) 
> mens 2iB'—» ) 
da / 


e’ cos ( i (/—I’) ’— 0) 


\ 


i 1) 
dB . 1 \ 
’ — 2iB“~ ” } 


da y) 


ee ae 


ecos(i1(/—/) + 2 (’!—r)¢- Iw) 


— / »(1 1) 
am Y oo. 2ip’—*)) 
\ da / 
/ 


ee ae |) ee 9(V— L pee | 
e cos 7 I’) 2 (1 r) +1 \) 
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dB —1) 


a ; thus, 


This may be further simplified by eliminating a’ 


since B°~ ” is a homogeneous function of a and a’ of — 3 dimen- 


sions, we have 


i—1) (i— 1) 
dB" ‘ , dBY 7 9 pii— 1) 
a +a ; = —3B 
da da 
whence 
i—1) eat 
, dB“ ante dB“ 
a ; =— 3B —a —~ 
da a 


which substituted in the fourth and sixth terms of the above 
gives 


m’ «5 me asi) ° y 
© _aa i — B cos 1(/— 1 
yaa ) ( ) 


0°8 1+m’ 2 
+ > B—” cos (i( I—Tr)-4 + 2(?—1)) 


2(i — 1) 
+ (0a) 
da 


as (J—TI) +1—«) 


<i —1) a) 
. > {i ” da 


e’ cos is (J—T) +1—«') 


dB°~ an aie — 
_— > (2 din _ o5R (76) 


e cos (iu—1) +-2(['—r) I—o) 


E ee 
— >} (@i—3) BY ee dB -) 
da 


[ . ; 
e'cos{ i (I—T) 2(r—r)+1—w)| 
\ 
Adding these parts together we have 
© = )., + Oo + Meg (77) 


which is the development of © extended to the squares and pro- 
ducts of the eccentricities of the orbits. In a similar manner we 
may proceed to extend the development so as to include the third 
and higher powers of the eccentricities—an operation which pre- 
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sents no other difficulties than those which result from the mag- 
nitude of the calculations which, however, become extremely com- 
plicated as we rise in the order of approximations. 

The inclinations of the orbits of the planets to each other are 
quite small, and therefore the terms of (76) which involve 7’ and 
the first power of the eccentricity, are also extremely small, and 
when the development is carried to the third or fourth order of 
small quantities, they may be regarded as quite insensible except 
under certain peculiar circumstances, as in the case of the theory 
of the motion of the Earth and Venus, where the inequality aris- 
ing from the mutual inclination of their orbits, amounts to 2”.9 
for Venus and 2”.15 for the Earth. 


NOVA PERSEIL. 
is 3 DOUGLASS 


FoR POPULAR ASTRONOMY. 


The new star in Perseus was independently (though tardily) 
discovered by me on February 23 at 9:30 p. Mm. (16"30"G.M.T.). 
It was then a shade brighter than Capella and was recorded as 
being magnitude 0.1. I had seen it on the 21st or 22d but had 
not realized its character; for Capella had long been my par- 
ticular star for getting observations on atmospheric currents 
and the condition of the atmosphere each evening. And on eithes 
the 21st or 22d (undoubtedly the latter as Inow know the star’s 
brightness at that time) I had remarked with surprise that there 
was an exceedingly good star in Perseus for this very purpose 
and thought it most strange that I had never noticed it before. 

But after really recognizing the new star, a direct vision 
Browning spectroscope was tried on it from 11:45 to 12:10 on 
February 23 and and an ordinary absorption spectrum observed. 
Notwithstanding the low dispersion of the spectroscope the dark 
lines appeared broad, perhaps broad enough to be called narrow 
bands. There were two dense ones in the red, a faint one in the 
yellow, two very dense ones in the green and a very broad band 
in the blue. 

The star was also examined with a power of 528 to see if it 
exhibited any sensible size but no disk could be seen beyond that 
due to the currents in the atmosphere. Chart photographs were 
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also made of it in the only available camera, that is the one of 
very short focus and wide aperture used in photographing the 
zodiacal light. 

On February 24th at about 8" the brightness of the star was 
estimated to be 0.6 magnitude. At the very first glance through 
the spectroscope the remarkable change from the preceding night 
was manifest. The bright lines and shadings formed a marked 
contrast with the plain spectrum previously seen. Chart photo- 
graphs were taken of it on this night also in small cameras and 
in the 24-inch telescope (385.7 inches focus). These plates show 
two or more Durchmusterung stars as well as the Nova. 

On February 25th the magnitude af the star had decreased to 
closely 1.0 but the spectrum seemed to be much the same as on 
the preceding night, the contrasts between bright and dark parts 
being somewhat more strongly marked. As it was learned then 
that the star had been discovered on the 21st and that it was 
being carefully observed at other stations better equipped for the 
purpose, special attentoin to it was thenceforth discontinued. 

LOWELL OBSERVATORY, 

March 20, 1901. 





THE NEW STAR IN PFRSEUS.* 





GEORGE E. HALE. 





The first news of Anderson’s discovery of a new star in Perseus 

ras received at this Observatory on February 24. An examina- 
tion of the region near the star, made that evening with the 40- 
inch telescope, failed to show any evidence of nebulosity, but the 
bright moonlight would have rendered a faint nebula invisible. 
At that time the magnitude of the star appeared to be about 0.5. 
Its color was yellow, with a decided reddish cast, very similar to 
that of a Orionis. Very little time was spent in examining the 
spectrum visually, as it was felt that photographs would be 
more valuable than drawings based on micrometer measures. 
We had fortunately just received a fresh supply of Erythro plates 
through the kindness of the International Color-Photo Com- 
pany of Chicago, and it was therefore possible to photograph 
the entire spectrum from Ha to Ht. Beyond this point in the 
ultra-violet the absorption of the 40-inch objective greatly en- 
feebles the spectrum, which is still further weakened by the lack 
of perfect achromatism in this region. 


* The Yerkes Observatory of the University of Chicago, Bulletin No. 16. 
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Photographs of the spectrum have been obtained by Mr. 


Ellerman as follows: 


No. of 
Date. Plates. Dispersion Region, 
1901, Feb. 24 5 3 prisms HB to Hy, Bruce spectrograph 
24. 5 3 prisms D to 4400 
24 1 } prisms Ha to 4500 
25 3 } prisms HB to Hy, Bruce spectrograph 
25 3 3 prisms D to 4400 
25 3 1 prism 5700 to 3700 
25 1 1 prism Ha to 3900 
26 3 3 prisms D to 4400 
26 1 1 prism Ha to 3900 
27 8 3 prisms D to 4400 
27 1 3 prisms Ha to 4500 
rf 6 1 prism 5700 to 3700 
28 5) 1 prism 5700 to 3700 
28 2 1 prism Ha to 3900 
28 3 3 prisms D to 4400 
Mar. 4 3 1 prism 5700 to 3700 

4 1 1 prism Ha to 3900 

6 2 prisms D to 4400 

6 1 3 prisms HB to Hy 

6 1 1 prism 5700 to 3700 

11 3 3 prisms D to 4400 

11 1 1 prism 5700 to 3700 


The comparison spectra which appear on these plates are those 
of titanium, hydrogen and sodium. 

On February 24 and 25 Mr. Ritchey photographed the region of 
the Nova with the 40-inch telescope and color screen. In order 
to obtain a sufficient number of comparison stars the plates were 
given an exposure of one hour. The light of the Nova was in- 
tercepted by a small movable occulting disk, with which four 
(for the second plate, five) very brief exposures were given at 
intervals of about fifteen minutes. The total exposure for the 
Nova was probably about half a second. In the resulting pho- 
tographs, the images of the Nova and the neighboring stars (of 
which more than forty appear in a region 12’ square) are small 
and appear to be well adapted for measurement. Through the 
kindness of Director Rees, these plates will be measured at the 
Columbia College Observatory. The position of the Nova was 
measured micrometrically by Professor Burnham on March 8. 

The wedge photometer used with the 40-inch telescope in the 
determination of standards of faint stellar magnitudes has been 
employed by Mr. Parkhurst in measuring the brightness of the 
Nova. Hitherto objectives of one and two inches aperture have 
sufficed, but as the Nova decreases in brilliancy it will be followed 
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with the 12-inch and 40-inch telescopes. A preliminary reduction 
gives the following magnitudes: 


Date. Mag. Date. Mag. 
1901, Feb 25 1.0 1901, Mar. 3 2.7 
26 : 4 2.8 
27 2.0 5 2.7 
28 1.9 6 3.1 


A photograph of the spectrum (G 440) taken with the one 
prism spectrograph on February 28 has been measured by the 
writer. The resulting wave-lengths of the lines and bands, com- 
puted by the aid of Cornu-Hartmann formule, furnished data for 
attaching a scale to an enlargement of the photograph repro- 
duced in Fig. 3, Plate III. 

Inspection of the photograph will show that the spectrum is 
very similar to the earlier spectrum of Nova Aurigz. The hydro- 
gen lines, notably C (Fig. 2) and F, are bright and very broad. 
The dark lines superposed upon them (not shown in the cut) are 
probably reversals caused by the absorption of an outer layer of 
cooler gas at lower pressure. 

On the more refrangible side the hydrogen lines are accompan- 
ied by dark lines, just as was the case with Nova Aurige. As 
Wilsing has shown, this is doubtless due to the great pressure 
under which the radiation occurs. The bright sodium line has 
broadened into a band, on which appear the two dark D lines 
(Fig. 1). These appear on the photographs, and are clearly visi- 
ble in visual observations with a three-prism spectroscope. As 
the titanium poles were moistened with a weak solution of 
sodium chloride, the comparison spectrum contains the bright 
sodium lines. Thus the motion of the star in the line of sight 
can be measured. Some preliminary determinations indicate 
that the Nova is moving away from the Earth at a low velocity. 

The helium line D, seems to be present as a dark line, lying 
close to the bright sodium band on the more refrangible side 
(Fig. 1). The bright calcium lines H and K are notable for their 
great breadth and for the narrow lines of reversal which traverse 
them. The chief nebular line seems to be present (A5002— 5041) 
and a fainter line or band (A 4911 — 4988) covers the region of 
the second nebular line. The b group of magnesium is doubtless 
represented by the very bright band A 5154 — 5204. The green 
coronal line (A 5303) would fall near the more refrangible edge of 
a bright band in the spectrum of the Nova. 

Further results, based upon measurements of photographs 
taken with the three-prism spectrograph, will be given in a sub- 
sequent paper. 
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Note added March 18.—A comparison of photographs taken 
on March 4 and March 15 shows that the dark lines on the more 
refrangible edge of the bright hydrogen lines continue to increase 
in sharpness. At first single and rather diffuse, they have become 
sharply defined double lines. K is much fainter than before, and 
b is apparently decreasing in intensity. 

March 12, 1901. 


TOTAL SOLAR ECLIPSE,MAY 17-18, 1901. 


H. C. WILSON 


FoR POPULAR ASTRONOMY. 

This eclipse, it will be apparent from the accompanying dia- 
grams, will be visible only upon the other side of the world to 
most of our readers. The path of totality lies mostly upon 
water, touching land only as it crosses the island of Mauritius, 
those of the Malay Archipelago and New Guinea. According to 
the ‘‘ Informations for Observing Parties,”’ issued by a committee 
from the Naturalists’ Society at Batavia, the Mentawi Islands 
and New Guinea, being inhabited by untrusty savages and lack- 
ing in every sort of accommodation, are not to be taken into 
consideration for making observations. The east coast of 
Sumatra, the west and east coasts of Celebes and the more 
sasterly ishands—Amboyna and Saparua excepted—may also be 
deemed less suitable for observation purposes, owing to local 
conditions and circumstances. 

The best opportunity is afforded by the west coast of Sumatra, 
where Padang, the residence of the Governor, is a considerable 
place, with a telegraph office and four hotels, and is well in 
toward the center-line of totality. A railroad connects Padang 
with a few inland points at higher levels, and along this railroad 
probably most of the observing parties will be distributed, since 
the facilities for inland transportation are otherwise very poor. 
Unfortunately the chances for clear weather in this region are 
only about 1 in 2, and the observers ought to be as widely 
scattered as possible along the path of totality, while in all pro- 
bability they will nearly all be in the vicinity of the railroad 
running out of Padang. 

The United States government eclipse expedition sailed from 
San Francisco, Feb. 16, on board the transport ‘‘ Sheridan,” 
which was to take the members of the party as far as Manila. 
There the party was to be met by one of the men of war of the 
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Asiatic Squadron and conveyed to Sumatra. They expected to 
reach Padang by the first of April, and so to have plenty of time 
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for the selection of stations and the delicate adjustments of the 
rarious pieces of apparatus to be used in observing the eclipse. 
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The expedition is under the charge of Professor A. N. Skinner 
of the U.S. Naval Observatory. Accompanying him from that 
Observatory are Messrs. W.S. Eichelberger, F. B. Littell, G. H. 
Peters, L. E. Jewell and W. W. Dinwiddie. From other obser- 
ratories are Professor E. E. Barnard, of the Yerkes Observatory; 
Dr. W. J. Humphreys, of the University of Virginia; Dr. S. A. 
Mitchell, of Columbia University, N. Y.; Dr. N. E. Gilbert, of 
Johns Hopkins University; H. H. Curtis, of the Leander 
McCormick Observatory; C. G. Abbott of the Smithsonian Insti- 
tution; and Professor W. J. Hussey of Lick Observatory. 

It is expected that Professor Barnard will be located at Solok 
(wrongly printed Sotok in the diagram) 1300 feet above the 
level of the sea. He will endeavor to photograph the corona on 
a very large scale, using the coelostat which he employed so suc- 
cessfully at Wadesboro, N. C., last year. The long duration of 
totality during this eclipse, 6" 30° at the central line near Padang, 
makes it possible to give much longer exposures than have been 
tried before, so that much more may be expected from the large 
scale photographs than was obtained in 1900. The following 
statement given by Professor Barnard to the editor of Camera 
Craft, San Francisco, just before the party sailed, tells in an in- 
teresting manner what he expects to do: 

““Those who have handled large plates know the difficulty of 


developing them successfully but the development of 25 x 30 
plates of last May showed that it would be possible to develop 
much larger ones if they could be successfully handled in expos- 


ures on the corona. It was decided that in this eclipse it would 
be possible to handle in exposure and development a plate as 
large as forty inches square. 

‘“* As every second in a total eclipse of the Sun is of the utmost 
importance it became necessary to devise a method of handling 
such plates with the least possible loss of time. It was proposed 
to not only use 40 x 40 plates but also to use two other sizes 
smaller, viz., 30 x 30, and 14 x 17 inches. 

“It became a serious question how to handle these different 
sized large plates, but it was finally decided to make a frame for 
the 30 x 30 plate-holders, which have kits for 14 x 17 plates. 
This is to be made of the same width as the 40 x 40 plate-holder. 
They are to be fastened rigidly together so that they can be 
moved up and down between two vertical posts in grooves. The 
heavy weights of these plates and holders are relieved by suitable 
counterpoises, the whole made to slide up and down between the 
two posts just as a window-sash may be raised or lowered. 
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zach plate can therefore be brought at once into position for ex- 
posure. As the telescope will be a horizontal one the plates will 
be in a vertical position. 

‘““The instrument to be used is a Coelostat. With this instru- 
ment everything remains stationary except the polar axis, which 
is rotated at the rate of one revolution in forty-eight hours 
(twice as slow as the ordinary motion of an equatorial tele- 
scope). This axis carries a fifteen-inch, plane, silvered glass 
mirror, which is placed parallel to the polar axis. This mirror 
reflects the Sun’s light into a stationary six-inch photographic 
lens, which has a focal length of 611% feet. At the focus of this 
lens is built a darkroom, in which the plates are exposed. This 
darkroom is connected with the six-inch mirror by a horizontal 
tube made of paper over a slight wood frame-work. The ob- 
server is, of course, in the room where the plates are exposed, and 
can see the image as it falls on the plates. The large plates to be 
used have been made especially by the Cramer Dry Plate Com- 
pany of St. Louis, and will be heavily backed to prevent hala- 
tion. 

‘On account of the long focus (aperture to focus = 1: 123) 
and the use of the mirror, the exposures required will be much 
longer than with ordinary telescopes. The great duration of 
totality at the present eclipse—at our station, 355 seconds—will 
therefore, be especially suited for the Coelostat, as a number of 
plates can be exposed much longer than usual. 

“The great plate, 40 x 40 will have an exposure of 150 seconds 
another will be exposed sixty seconds, and others with less ex- 
posures down to one-half second. 

“The large plate will cover a region one degree and a half all 
around the Sun. The long exposure plate is expected to show 
any star as small as the eighth magnitude that lies in this 
region. If, therefore, an intra-mercurial planet as bright as the 
eighth magnitude lies within 112° of the Sun, it will be shown on 
the big plate. 

‘“The exposed plates are to be developed with pyro, as I found 
that it gave the best results for the eclipse plates of last May.” 

At Fort de Kock, on the railroad near the northern border of 
the shadow-path Mr. Peters expects to use the 40-foot photoheli- 
ograph lenses of the Naval Observatory for photographing the 
corona. Mr. Jewell and Dr. Humphreys will use a concave grat- 
ing of 30 feet focal length, with a ruled surface of 31% by 3 inches 
and with no slit, in order to photograph the flash spectrum. 
They will have also a concave grating of 10 feet focus and a 
visual lens. 
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Dr. Mitchell and Mr. Littell will operate near the central line, 
using objective gratings, one of these with a very long slit for the 
purpose of determining the rotation of parts of the corona. 

Dr. Gilbert is charged with the task of carrying out the sugges- 
tion of Professor Wood of the University of Wisconsin, which 
was referred to in this magazine a few months since, namely, the 
use of a Nicol prism in connection with the spectroscope to sepa- 
rate the polarized from the unpolarized rays of the corona, so as 
to possibly bring out the dark lines in the spectrum of the corona. 

From The Observatory we learn that Mr. E. W. Maunder of 
the Royal Observatory, Greenwich, accompanied by Mrs. Maun- 
der, will go to the island of Mauritius, east of Madagascar, and 
join forces with Mr. Claxton, a former colleague at Greenwich, in 
observing the eclipse from the Royal Alfred Observatory. They 
will attempt to photograph the corona with 4-inch photohelio- 
graphs and to photograph the coronal and “ flash’? spectra with 
the prismatic camera used so successfully by Mr. Evershed in 
India in 1898. 

An observing party consisting of Mr. Newall, Mr. Dyson and 
Mr. Atkinson, will proceed to Sumatra. Mr. Newall represents 
the Joint Permanent Eclipse Committee, Mr. Dyson goes as rep- 
resentative from the Royal Observatory, Greenwich, and Mr. 
Atkinson, who rendered great help to the expedition at Ovar last 
year, has generously volunteered to undertake the lengthier 
journey to give similar help on this occasion. The observations 
projected by Mr. Newall are: (1). The determination of the 
rotation of the corona; (2). By means of a grating to photo- 
graph coronal rings corresponding to different lines; (3) Polaris- 
copic observations similar to those made at Algiers in May 1900. 
His program also includes the “ flash,’’ and some other of the ob- 
servations made last year. Mr. Dyson has charge of the Thomp- 
son 9-inch object-glass, with magnifier, to obtain photographs 
on a scale of 4 inches to the Sun’s diameter; of a double tube 
with rapid lenses, to show the coronal streamers and the exten- 
sion; and of a quartz spectroscope, kindly lent by Capt. Hills 
for the photography of the spectrum of the corona and of the 
“flash” in the ultra-violet part of the spectrum. 

The Lick Observatory expedition under the charge of Secretary 
C. D. Perrine will be located somewhere in the vicinity of Padang 
and will devote its attention to photographs of the corona and 
the region surrounding the Sun. 

Professor D. P. Todd of Amherst College Observatory will use 
his automatic combination of cameras on the Island of Singkep, 
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off the east coast of Sumatra, the principal place of which is 
marked Dabok on the chart. 

The eclipse at Padang begins at 10" 45" on the morning of 
May 18, local time, and ends at 1" 57" in the afternoon. Total- 
ity begins at 18™ 49° and ends at 25" 03° afternoon, so that the 
Sun is at its greatest altitude and the duration is 6" 14°, a longer 
duration than has been observed for many years past and the 
equal of which will not occur for many years to come. It is 
greatly to be hoped that the weather conditions will not disap- 
point those who have undertaken such a long and tedious voy- 
age, at great expense, for the purpose of utilizing a rare oppor- 
tunity to add to our knowledge of those mysterious forces which 
play about the Sun. 


PLANET NOTES FOR MAY. 


H. C. WILSON 

Mercury will be at superior conjunction May 14 and therefore will not be vis- 
ible to the unaided eye during this month. The planet will be at perihelion May 
18; in conjunction with Venus May 18; and in conjunction with Neptune May 31. 

Venus having just passed superior conjunction will not be visible for the first 
few days of the month, but it will not be many days before we shall be able to 
catch the first glimmer of the planet as evening star, shortly after sunset and 
close to the sunset point. 

Mars is in most convenient position for study in the early evening, near the 
meridian and at a high altitude. We have watched the planet with interest as it 
has completed the great loop in its path through Leo, and now its course will be 
almost straight away along the ecliptic. On May 4 in the morning Mars will 
pass by Regulus, the planet being then 1° 38’ north of the star. Mars will be at 
quadrature 90° east from the Sun, May 28, and in conjunction with the Moon 
May 25. 

Jupiter and Saturn may be best seen in the morning hours, but always under 
unsatisfactory conditions, because of their low altitude. The Moon will be in 
their vicinity May 8. These planets are both in the constellation Sagittarius. 

Uranus is in Scorpio and may be observed about midnight. Its low altitude 
in our latitude, will prevent satisfactory views except on rare occasions. 


Neptune is too near conjunction to be observed well during this month. 


The Moon. 


Phases. Rises Sets. 
(Central Standard Time at Northfield 
Local Time 13m less). 
l h m 
May 3 Full Moon............. iw. t BOP. ™ 5 23a. M. 
22 EOE SIRAPOT. ocscccisvees 12 52a.M. 11 50 “ 
RS POW BROORoscccscsccsescacacs 4612 7 16P. M. 


2H Pret Qaarter.....ccscce. 11 26 “ 12 40A,. M. 
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THE CONSTELLATIONS AT 9 P. M. May, 1, 1901. 





Occultations Visible at Washington. 


IMMERSION. EMERSION. 
Date. Star's Magni- Washin- Angle Washing- Angle Dura 
1901. Name, tude. ton M.T. f'm N pt. ton M.T. f'mN pt. tion. 
h m h m a h m 
May 1 1 Virginis 5.5 8 44 172 9 34 24-4 O 50 
4 X Libre 5.0 8 28 91 9 36 302 1 O8 
4. w! Scorpii 1.1 7 328 S86 1s 35 270 , . OF 
£ w® Scorpii L.6 17 59 140 18 39 217 O 39 
8 B.A.C. 6658 f fe: 11 44 123 13 OO 225 1 16 
24 14 Sextantis 6.6 6 05 ST c se 233 1 12 
24 19 Sextantis 6.0 10 33 124 11 35 283 : @2 
25 55 Leonis 6.0 8 OO 133 9 22 287 1 22 
25 p* Leonis 6.2 7S 03 S9 13 8&3 310 0 52 
30 B.A.C. 4896 6.6 10 54 26 11 O8 7 O 14 





WEST HORIZON 








WEST HORIZON 
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Elements of Asteroids (457) to (463).—In Astronomische Nachrich- 
ten No. 3698 Professor J. Bauschinger gives the following elements of the as- 
teroids recently discovered and numbered 457 to 463, computed at the Royal As- 
tronomical ‘‘Rechen-Institut” at Berlin. The epochs are in Berlin mean time: 


Asteroid (457) Alleghenia (458) [1900 FR] (459) [1900 FM] 
Epoch 1900, Oct. 28.5 1900, Oct. 28.5 1900, Oct. 22.5 
M=351° 00’ 33”.8 337° 54’ 297.8 348° 14’ 27.2 
w = 129 OS 30 .3 272 45 25 .4 17 55 30 .4 
Q = 250 37 59 .4 135 59 3S 29 +1 44. .2 
i 12 52 30 .6 i2 36 38 .0 10 22 40 .6 
p 10 20 02 3 14 11 27 8 12 19 50 .0 
wu = 651” .8517 684’".198 832”".007 
log a = 0.490572 0.476550 0.419920 
Computer: Dr. Paetsch. Dr. Riem. Prof. Bauschinger. 
Asteroid. (460) [1900, FN] (461) [1900 FP] (462) [1900 FQ] 
Epoch. 1900, Oct. 22.5 1900, Oct. 22.5 1900, Noy. 20.0. 
M = 14° 36’ 31°56 310° O11’ 247.7 32° 16’ 047.9 
e= 163 33 31 3 301 3.60 88. 2 251 09 49 .3 
Q 205 36 O89 .4 156 33 33 .1 105 14 14 0 
1 tf 36 30.1 1 22 2o «i 3 10 29 56 
p 5 53 19 8 11 o4 22 .6 4 53 98 .5 
be 791” .305 624.571 729” 957 
log a = 0.434442 0.502950 0.457806 
Computer: Prof. Bauschinget Prof. Bauschinget Herr Berberich. 
Asteroid (463) [1900 FS] 
Epoch 1900 Oct. 31.5 
M 19 49’ 32”.2 ¢ 12 12’ 56”.7 
w Seo Ga 12 A k 960.910 
Q2 36 26 OS .O log ¢ 0.378216 
1 i3 29 3&6 .1 Computer: Herr Berberich 


New Elements of Asteroid (196) Philomela.—In Astr. Nach. No. 


3688 Dr. P. V. Neugebauer of Breslau gives the following new elements of Philo 





mela, based upon observations in the years 1879, 1881, 1884, 1885, 1892, 1893, 
1895 and 1897: 
Epoch 1901 April 9.0 Berlin mean time 
M 240 25° 11”.63 


w=237 19 9 .O1) 
Q 73 19 44 .73}1900.0 
7 17 «0 .63} 
t 1 13 18 .14 
U 646” .03772 
log a 0.4931658 


GENERAL NOTES. 


Those in charge of this publication do t hold themselves responsible for the 
views of contributors. Care is taken not to print opinions known to be wrong, 
yet liberty is given to publish views that are not yet fully established, if proba- 


bility is in their favor 


We have added eight pages to the siz f s number in order to publish Dr 
Morrison’s important article on perturbat s and the perturbative function. 


f 


This continued article on this difficult asked for by stu- 
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dents of astronomy, and Dr. Morrison with much pains and care has written 
down to the level of college mathematics, for the benefit of those who are not 
enough experienced in higher analysis. 


Readers who are not acquainted with college mathematics sufficiently to read 
Dr. Morrison’s article in this number, will please remember that there are many 
others who can, and who will be greatly helped by it in their studies. The eight 
added pages ought to be compensation if any such feel they have suffered loss. 


We have been surprised, repeatedly, that some students who have knowledge 
of the methods of higher analysis persistently claim that the difficult problems of 
astronomy, like those presented by Dr. Morrison, may be solved by the simple 
processes of algebra, geometry and trigonometry, completely and generally. It 
seems to us that such ought to know better. 


Amherst College Solar Eclipse Expedition.—In a private letter, 
bearing date March 25, 1901, from Port Said, Professor D. P. Todd, of Amherst 
College Observatory writes that the Amherst College expedition in his ‘ 


‘charge, 
reached Algiers March 18 and Port Said today,”’ 


two days ahead of the time 
planned, and it is expected that the expedition will reach Japan on or before 
April 15. Professor Todd then thought he should locate on the island of Singkep 
about 170 miles southeast of Singapore toward Banka and Java. There is some 
probabillty that he might choose Pontianak which is on the west coast of the 
island of Borneo. 

Besides an automatic camera for taking 150 negatives of the corona on 
glass, he has a 12-inch reflector of speculum metal, 17-ft. focus, to be revolved 
by means of his new glycerine clock, which he found so well adapted to this kind 
of work in his Japanese expedition of 1896, and in the Tripoli expedition of last 
year. He puts large dependence on the work of the last instrument. The 
camera of the 12-inch is fitted with an improved rotating occulter for variable 
exposure on different regions of the corona. His other cameras are both reflect- 
ing and refracting, especially a double polariscope fitted up by Dr. Wright of 
Yale University, who is the chief American authority on the polarization of the 
corona. Mrs. Todd accompanies the expedition, also their daughter who is a 
member of the class of 1902 at Vassar College. 

Through the liberality of Mr. William E. Dodge, Dr. Britton of the New 
York Botanical Garden, Bronx Park, is enabled to send out with the expedition 
Mr. Perey Wilson, as naturalist and collector, in a region hitherto but little in- 
vestigated. 


The Benjamin Apthorp Gould Fund.—Since the appropriations an- 
nounced in A. J. 477 the following additional grants have been made: to Mr. 
John A. Parkhurst, $30; to Dr. Herman S$. Davis, $500; to Paul S. Yendell, $225; 
to Professor Simon Newcomb, $25. A considerable additional amount of income 
has accrued, for the distribution of which applications are awaited. These ap- 
plications may be made by letter to any of the Directors undersigned stating the 
amount desired, the nature of the proposed investigation, and the manner in 
which the money is to be expended. The following information is given for the 
guidance of applicants: 

The BENJAMIN ApTHORP GOULD FuND was established in 1897 by Miss ALICE 
BACHE GouLD, to advance the science of astronomy, and to honor the memory 
of her father by ensuring that his power to accomplish scientific work shall not 
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end with his death. The principal is $20,000, vested in the National Academy of 
Sciences as Trustee. The income is to be administered by the undersigned and 
their successors to assist the prosecutions of researches in astronomy. 

In recognition of the fact that during Dr. Gou.n’s lifetime his patriotic feeling 
and ambition to promote the progress of his chosen science were closely asso- 
ciated, it is preferred that the Fund should be used primarily for the benefit of in- 
vestigators in his own country or of his own nationality. But it is further 
recognized that sometimes the best possible service to American science is the 
maintenance of close communion between the scientific men of Europe and of 
America, and that therefore, even while a in the _ of the above restric- 
tion, it may occasionally be best to apply the money to the aid of 

vestigator working abroad. 

In all cases work in the astronomy of precision will be preferred to work in 
astrophysics, both because of Dr. GouLp’s especic il predilection and because of 
the present existence of generous endowments for astrophysics. 

Finally, the BENJAMIN ApTHORP GoULD Fwnp is intended for the advancement 
and not not for the diffusion of scientific knowledge, and it is to be used to defray 
the actual expenses of investigation, rather than for the personal support of the 
investigator during the time of his researches, without 
latter use under exceptional circumstances. 


a foreign in- 


absolutely excluding the 


In addition to the above call for applications the Dirrctors desiring to stimu- 
late the participation of American astronomers in the attempt to bring up the 
arrears of cometary research, offer to them the sum of $500 for computation of 
the “definitive’’ orbits of comets (see list in A. J. 493, p. 104); this sum to be 
distributed at the average rate of $100 for each computation,—the amount to 
vary according to the relative difficulty of the computation, and to be deter- 
mined by the Directors of the GouLpD Funp. Computers should promptly notify 
the Directors of their participation or desire to participate, and manuscripts 
should be submitted not much later than July 1, 1902. 


LEWIS BOSS, SETH C. CHANDLER, ASAPH HALL. 
1901, March. 


Eros a Double Planet?—In Astronomische Nachrichten No. 3698 Mr. 
André of the Observatory of Lyons, France, announces some very striking con- 
clusions drawn from the light variations of Eros as observed at Lyons. Four ob- 
servers have studied these variations assiduously on each night when possible 
from sunset until the planet’s altitude became too low, comparing the planet by 
the method of steps with a series of neighboring stars. As a result the curve of 
light variation is found to have a double period, with two approximately equal 


minima and two equal maxima, but with unequal intervals between them. If 


the times of the successive minima be designated by mm, me, my......< and those of 
the maxima by mm, me, mz3......, the intervals are found to be 

m2 — m\ 2h 51™, M2— M, 2h 50™ 

m3 —m2=2 24, Vs — Me 2 26 


The duration of the increase of light is about the same in both branches of the 
curve 
Mi — mm 1° 20" 
M2 — m 1 18 
but that of the diminution of light is quite unequal in the tw« 
me — M 1° 31! 
m3 — Mz 1 06 
The total period of variation is about 5° 16™.15 and the 


» Cases, 


range of variation 
about two magnitudes. The times of successive minima can be computed by 


adding multiples of 5" 16™.15 to the epochs 1901 Feb. 20 7" 57" and 10" 48™, 


Paris mean time. 


The light curve of Eros is thus quite similar to those of the variable stars 
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8 Lyre and U Pegasi, and the writer thinks the variation can be explained, as in 
the case of those two stars, upon the hypothesis of two bodies successively and 
reciprocally occulting each other, moving around their common center of gravity 
in very small, probably elliptic, orbits, the plane of which passes through the 
Earth. By reason of the relative displacement of the Earth and Eros the posi- 
tion of the plane of the orbit will change progressively with reference to us; 
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THE LiGHtT CURVE OF EROs. 


when this plane shall no longer encounter the Earth all the periodic variation of 
brightness will disappear and Eros will become like the other small planets. 
Meanwhile the details of the light curve and the relative variations of brightness 
will change progressively; and their continued observation will furnish important 
information on the causes which render so different from one another the light 
curves of the photometric double stars with continuous variation. The writer 
gives the following data concerning this unique system: 


} 


Period 5" 16.15™; eccentricity 0.0569; longitude of periastron from the line 


of nodes 162°.45; the semi-major axis is a little greater than the sum of the radii 
of the two bodies, supposing them to be spherical; the dimensions of the two 
bodies differ but little, their ratio being between 3/2 and 1; the mean density of 
the system is about 2.4; the two bodies are very elongated ellipsoids, the flatten- 
ing of their meridional section appearing to be in the neighborhood of 1%. 

Apropos of these values the writer remarks that the duration of a revolution 
of the satellite is very near that of Phobos (7" 39™); the eccentricity is almost 
the same as that of the lunar orbit (0.0549); the mean density of the system dif 
fers little from that of Mars (2.28); the semi-major axis, expressed in radii of the 
planet is sensibly the same as that of Phobos, measured in radii of Mars: the 
oblateness obtained is above those which have been known in the solar system 
and even superior to those of the photometric doubles studied. These results are 
announced witha great deal of reserve, awaiting the results of further calcula- 
tions by another method 

It may be well to call attention to the fact that the mutual occultation of 
two equal bodies could reduce their light by only one-half, that is 0.8 magnitude 
on Argelander’s scale. This would seem fatal to the explanation given above, 
since the variation noted is nearly two magnitudes. If the two components 
could be assumed to be prolate spheroids, with their major axes nearly in the 
same straight line and three times as long as their minor axes, the explanation 
might possibly hold. H.C. W. 


Astronomy in the High Schools.—In the scheme of studies outlined 
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for the high schools of the United States by the National Educational Associa- 
tion, there is no mention of astronomy 

[See Report of Committee on Secondary and Higher Education, July, 1899, 
Dr. Irwin Shepard, secretary, Winona, Minn. } 

Does this mean that the study of astronomy is to be abandoned in the high 
schools of this country? 

A recent writer in POPULAR AsTRONOMY says: ‘‘Of all the sciences astronomy 
is the most useful, and has always, even in early times, been cultivated for its 
utility. Consider the question of chronology—many are the disputes over the 
dates of ancient events that have been established probably by an appeal to as- 
tronomy. Also,the important matter of accurate time: the work of the astrono- 
mers at Washington affords direct and imme 





late assistance to hundreds of thous- 
ands every day throughout the country, who have engagements to meet and 


trains to despatch. Without the help of the astronomer, a nation cannot make 


accurate maps of its domain or trust-worthy charts of coast-lines 

‘*Then there are the vast benefits to all navigation interests, which arise from 
simple astronomical principles.”’ 

Professor Young in a volume written for h s: “The study 
of astronomy cultivates nearly every faculty of the m memory, the rea- 
soning power, and the imagination all receive from it special exercise and devel- 





opment. By the precise and mathematical character of ms ny of its discussions it 
enforces exactness of thought and expression, and corrects that vague indefinite- 
ness which is apt to be the result of pure literary training. On the other hand, 
by the beauty and grandeur of the subjects it presents, it stimulates the imagina- 
tion and gratifies the poetic sense. 

‘‘In every way it well deserves the place which has been assigned to it in edu- 
cation.” 

It seems strange that, while biology, botony, physical geography, physics 
and chemistry are made prominent features in the new educational scheme, as- 
tronomy is displaced. An expression of opinion regarding the proposed change is 
desired. INQUIRER. 


Second Chart and Catalogue for Observing Nova Persei.—This 
second chart and catalogue have been prepared for telescopic observation of the 
Nova. They were both made on the plan of the Atlas Stellarum Variabilium 
(Series III), except that the new star is placed 15’ south of the centre of the 
chart, on account of some bright stars north of the Nova, which will be needed 
for comparison. 


An auxiliary chart was added to the principal one, to enable those observers 
who have no circles attached to their telescopes to find the Nova. They will ex- 
perience little difficulty in first setting on 6 Persei, which is of 3d magnitude, then 
passing to y and o, and from there sweeping directly south along the stars indi 
cated on the auxiliary chart, until they reach the stars Nos. 2 and 3 of the princi- 


pal chart. 

On this chart three divisions or squares may be distinguished as regards the 
density of the stars. The large square measures one degree in each co ordinate, 
and contains all the BD. stars (except £3°745, which is of 10.5 magnitude). 
In a smaller square, which is 30’ wide and whose centre is the Nova, all stars 
have been entered which are visible in our twelve-inch refractor with a power of 
about fifty diameters, while in the central square of only 10’ width fainter stars 
have been added by means Of a mas 
Great difficulty was experienced i1 
of the brightness of the new star 

The positions of all the stars within the sq 
mined by means of a semicircular glass scale, divided into parts 3’ wide, and of 
a chronograph. These positions are differential with regard to the Nova as 
zero point. From the preface to the Atlas, in which the details of this method 
are described, we only recall the statement that the right ascensions are supposed 
to be correct within 1*, while the declinations may be erroneous by 0’.3 or even 
0’.6. The positions of the stars outside this square have been computed from the 





ng power of about 100 diameters. 


iring these objects on account 
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ire 30’ wide have been deter- 
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BD. or the AGC., assuming the position of the Nova, given in the title of the 
chart, to be correct for the beginning of the vear 1901. 

The magnitudes of all the stars on the chart were determined by sequences of 
steps, based on at least two independent estimates. The formula for transfurm- 
ing these steps to the BD. scale is of the same character as those in the Atlas. It 
will be an easy matter to replace it by any other process of transformation, 
graphical or arithmetical, when a scale of standard magnitudes is determined by 
photometric means. The faintest stars near the Nova could not be properly esti- 
mated on account of the brightness of the latter. 

It is well to remark that only three good nights (March 7,14, 16) were avail- 
able for making this chart, and that then the Nova was brighter than 4th mag- 
nitude. Yet it has seemed better to distribute chart and catalogue as they are 
without delay, in order to facilitate observation. A more accurate scale of mag- 
nitudes, for the final reduction of the observations, may be determined at any 
future time, when the brightness of the new star shall have faded away. 

JOHN J. HAGEN, Ss. J. 
GEORGETOWN COLLEGE OBSERVATORY, 
Washington, D. C., March 19, 1901. 


COMPARISON STARS FOR NOVA PERSEL CHART II. 


No. | Steps. Magn BD. Aa Aé 





| Notes. 
} M M ° m s , ss 
1 | 1) 7.1 7.9 43 730 —2 55 | + 27.9| HP. G.9 red 
2 | 10 7.4 6.5 44 734 i 22 57.3 ~ to 
3 | ; 1.0 1.5 44. 732 + 1 0 56.3 > ao 
+ | 21 7.6 7.3 44 742 3 25 + 54.4 = 7. 
5 | 23 : fe ao 43 732 —2 37 9.4 = oe 
6 25 7.8 7.6 43 720 -4 15 | —15.5 | 
7 | 31 7.9 8.0 43 766 4 7 - 2. 
8 | 37 8.1 8.4 43 728 —3 10 | 
9 42 8.2 8.5 44.717 -O 41 + 
10) 46 8.3 | 8.9 43 726 | —3 29 | 
11 49 8 8.6 413 744 0 &0 13.8 | 
12| 52 8.5 | 8.7 43 729 3 10 25.7 | 
13 | 55 8.6 8.9 44 712 -2 32 + 44.3 
14 | 59 8.7 9.1 44. 741 3s 20 + 41.3 | 
15 | 59 8.7 | 9.1 43723 | —3 51 -11.4 | 
16 | 61 8.7 8.9 44 721 0 1 — 45.0 
17 | 63 8.38 8.8 43 740 — 0 7 18.3 | 
18 | 65 8.8 9.1 43 746 1 10 22.8 
19 | 65 8.8 9.0 44. 724 0 23 + 37.8 
20 |! 67 8.9 9.0 43 739 QO 22 1.8 
21 TO 9.0 9.0 43 749 1 41 - 8.4 
92 70 9.0 9.0 43 751 1 560 17.9 
23 (2 9.0 9.1 43 733 —2 29 — 3.9 
2¢ 73 9.0 9.0 43 748 1 34 - 20.1 
25 | 73 9.0 9.1 43 731 —2 49 - 9 
3 758 - 3 1 - 9.3 
3 742 +0 37 29.9 
ite f 9 
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COMPARISON STARS FOR Nova PERSEI CHART II.—CONTINUED. 
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Observations of Nova Persei at Alta, lowa.—The announcement of 
a new star in the constellation of Perseus reached me through the daily papers on 
the morning of Feb. 26th, and the same evening I secured observations of it. I 
found it almost exactly equal to Aldebaran in brightness, and of a bright yellow- 
ish color, but not as deep as that star in tint. Placing a 11-inch dense flint glass 
prism and cylindrical lens over the eye-piece of my 4-inch telescope, I noted its 
beautiful spectrum. The H, line in the red was brilliant, the yellow band bright, 
two or three bands in the green and one in the blue and the violet and was con- 
spicuous, the continuous spectrum was also bright, the whole spectrum being 
very similar to Nova Aurige of 1892. 

The next observation was on the 28th when the star was only as bright as 
B Aurige. It continued waning until March 15th when it was 3.9 magnitude 
and the bands in the green and blue were also fainter. On the following two 
nights the Nova appeared to me to be a trace brighter, after which date it de- 
clined again. On April 3d it was barely visible to the naked eye, perhaps owing 
to its deep orange-red color and low altitude at the time of observation. 

On April 7th it was a difficult object to the naked eye, and through the tele- 
scope it was a deep red color and exactly the same magnitude as star No. 46 in 
Hagen’s Catalogue given in April number of PopuLar AsTRONOMY, which is 5.7 
mag. The following night I was surprised to see it again plainly visible to the 
naked eye even through the haze, at 10:00 o’clock and estimated its brightness at 
about 4th magnitude. Its color also was a brighter orange-red, only one bright 
band, viz: the Ha in the red was conspicuous. 

The following are my estimates of the Nova’s brightness on the dates indi- 
cated: 


1901. Magnitude. Remarks. 
February 26 1.0 Same as Aldebaran. 
ae 28 2.0 Equal to B Persei. 
March 1 2.3 srighter than 6 Persei. 
st 4 2.0 
= 5 Sf 
si 6 3.1 Exactly equal to 6 Persei. 
we 10 3.1 
ae 15 3.4 Same as v Persei. 
zy 16 3.7 Trace brighter. 
* i ot 
“6 21 4.2 Same as /] Persei. 
-_ 22 1.0 Seems brighter. 
April 3 5.6 
“ 7 5.7 Same as No. 46 in Hagen’s Catalogue. 
“ 8 3.9 Same as v Persei. 
ALTA, Iowa, DAVID E. HADDEN. 


April 9th, 1901. 


Nova Persei, No. 2.—The early observations made here, of the new star 
in Perseus, are described in Circular No. 56. This star may be designated Nova 
Persei, No. 2, to distinguish it from the star in R. A. 1" 55™.1, Decl. + 56° 15’, 
which appeared in this constellation in 1887. A photograph of the vicinity of 
the Nova, taken with the Cooke lens on February 19, 1901, with an exposure of 
66™, beginning at 11" 18™ G. M. T., is shown in Figure 1.* For comparison, a 
similar photograph taken on February 26, 1901, with an exposure of 56™, be- 
ginning at 145 32™ G. M. T., and showing the Nova, is given in Figure 2.* 

The accompanying plate gives enlargements, made with a moving plate, of 
three photographs of spectra taken with the 11-inch Draper telescope. The first 


* See Circular for figures and plate. 
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represents the new star in Perseus taken on February 22, 1901, with an exposure 
of 40™, beginning at 165 08™ G. M. T. The second represents the same star taken 
on February 24, 190i, with an exposure of 66™, beginning at 14" 43™G. M. T. 
The change from the first form of spectrum to the second must have been very 
sudden. A plate taken through dense clouds on February 23, with an exposure 
of 29™, beginning at 11" 37™ G. M. T., showed but little change, while Professor 
Vogel has announced that a photograph taken the same night shows a spectrum 
traversed by several broad, hazy bands. The third spectrum represents Nova 
Aurigz, taken on February 5, 1892, with an exposure of 123™, beginning at 
11°09", G. M. T. It will be seen that the second and third spectra closely re- 
semble each other, but that the lines in Nova Aurigze are 


more sharply defined. The later photo 


much narrower and 
graphs of the spectrum of the new star in 
Perseus show numerous changes, the dark lines and the edges of the bright lines 
being, in many cases, well defined EDWARD C. PICKERING. 
HARVARD COLLEGE OBSERVATORY, 


Circular No. 57, March 15, 1901 


NoVA PERSEI 











Star. y M. D H. M D Comparison with Naked Eye Color 
Nova 
Persei| 1901 2 24 6 30 | 2415440 | Var. 3 grades fainter than Capella 
a sis ‘ 7 50 : Capella 3% v 5 Pollux Orange 
i ay 2 2 6 50 2415441 | Betelgeuse 2 v 2 Pollux . 
“ e su 9 50 3 Betelgeuse 11% v 2 Pollux se 
i ie 2 26 6 50 | 2415442 Pollux 1% v 2% Castor 
xs : = oe & 40 - Poll 1% vy 2% Castor e 
‘ ‘ : 9 30 Poll 14% v 3 Castor - 
‘ = Ss 10 40 Pollux 11% v 3 Castor 62 
: 2 Be 5 55 | 2415443 | Castor 1% v 1 a Persei, twilight a 
‘ “ ‘ gs O as 1 Persei 1 v 1 a Arietis Red 
“ 2 6 6 50 2415450 | \ lo grade brighterthanyPersei * 
. sic . 8 50 7 I sel le v Ve 6 Persei = 
‘ “ ‘ 9 40 y Persei 42 v 2 6 Persei 
; i 3 7 6 55 | 2415451 | ¢ Persei 1 v 1 ¥ Persei si 
“e - ye 8 10 ¢ Persei 1 v % y Persei 
66 es G9 5 ¢ Persei 1 v 1 y Persei ad 
Cloudy 
. 3 11 9 15 | 24154355 | ' I » grade brighter than p Persei oni 
: ; 3 12 7 10 2415456 | 6 Persei 1 v 1 p Persei - 
‘ ‘ so 4s 8 20 Persei 1 v 11% p Persei . 
’ * . 9 40 : 5 Persei 1 v 1% p Persei a 
' si 3 17 7 10 | 2415461 | p Persei 1 v 2 « Persei 
‘ “6 8 40 ” p Persei 1 1's « Persei Red 
, ws 3 18 7 55 | 2415462 Persei 1 v 1 « Persei 
710to 
us ” 3 19 7 20 | 2415463 This object has decreased greatly 
in brightness during the past 24 
hours. lestimate it at 5% mag. 
| tonight and fi ry red in color. 


F. E,. SEAGRAVE 
Nova Persei.—I have been much interested in the new star in Perseus, and 
surprised that the accounts from different observers seem to indicate that it was 
never of greater brilliancy than Capella. I saw in the morning paper of Feb. 23d 


«oO 
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(Saturday) notice of the discovery of the new star, reported by Harvard as of 
the first magnitude the evening before, and invisible on the 19th. Early that 
evening it was cloudy, but at midnight it was beautifully clear, and the Moon 
having just set the new star shone forth in all its glory, and was certainly a trifle 
brighter than Capella, and-a good match for it in color. The only star in the 
heavens brighter than the Nova was Sirius. 

As the Nova was very noticeably less brilliant the next evening (Feb. 24th) 
being then no brighter than Capella, if as bright, is it not quite possible that 
those observers who reported the Nova as less brilliant than Capella on the even- 
ing of the 23rd, observed it later than midnight, or else enough earlier to have it 
somewhat obscured by the Moon, which was nearer to the Novathan to Capella? 
The light of Nova varied so rapidly that I am not inclined to question my obser- 
vation in comparison with Capella at midnight, but am ready to believe that it 
was brighter at that moment than an hour earlier or later. My observation was 
from midnight to 12:20 a. mM. Central standard time. While my eyes are not es- 
pecially trained for star magnitudes, I have had some experience in photometric 
work, and in estimating relative brilliancies. Nova seemed to twinkle more than 
Capella, which was of course nearer the zenith. MORGAN BROOKS. 

THE UNIVERSITY OF NEBRASKA, Lincoln, Neb. 


Nova Persei.—The announcement of Anderson's discovery of this new 
star was received in the daily newspapers and I did not observe it until March 5, 
and only at occasional intervals since owing to cloudy weather. The star was 
easily identified by its brightness in the midst of Perseus. Its light was about 
midway between Algol (normal) and Aurigz an the first night and rapidly de- 
clined so that on March 19, 22 it was difficult, in fact too faint to make any re- 
liable naked eye comparisons, and then by March 31 it had brightened so as to 
be easy of comparison in the moonlight. My observations are all naked eye as 
follows: 

1901, March ,vV 6c Aurige. 

« Aurigee 4-5 v, v 1-2 € Persei. 
« Aurigze 5 v, v 4€ Persei. 
5 Persei 5-6 v, v 5 v Persei. 
Very much fainter than v Persei. 

‘ ‘ “ “a ‘6 
v Persei 4 v, v 2 — Persei. 
o Persei 2 v, v 6-7 « Persei, & Persei 7 v. 
t Persei 6-7 v. 





WM. E. SPERRA. 
BARBERTON, Ohio, April 14, 1901. 





A List of Stellaee Nove and of So-called ‘‘New Stars.’’—The re- 
cent discovery of a remarkable new star by Dr. Anderson of Edinburgh, Scotland, 
has again directed special attention to this curious class of celestial bodies. As 
an aid to the readers of PopULAR ASTRONOMY who may wish to learn more about 
such stars by reading the various descriptions of them which have been printed 
from time to time as each new one appeared, I have compiled the following list. 
It contains all stars which have been claimed to be ‘‘new stars’’ so far as I can 
find in the books of the library which is at present accessible to me. Many of 
these claims have not been substantiated: particularly in the cases of appearances 
sarlier than 1572 A.D. The reports are often vague, and as applicable to com- 
ets (with or without tails) as they are to genuine nova. Even in the case of 
some of the most recent, it has been hard to draw a sharp distinction between 
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variable stars of long period and nova, so that the classification of several of 

these is debatable. Two good books of general reference tor brief descriptions of 

nearly all these stars, are: 

Cosmos: A Sketch of a Physical Description of the Universe, by Alexander von 
Humboldt. In Vol. III, chap. IV. This work has been translated by 
E. C. Otte and is published by Harper Brothers, New York. 

Astronomy: By Clerke, Fowler and Gore. Section IV, pp. 477-497. Published 

by Appleton & Co., New York 





No. Year. R. A. Decl. Nam¢ Reported by Prob'ly a 
h ° 

1 134 BC | 16 — 25 Star of Hipparchus Pliny Nova 

2 fo oe ee Sn er iscebiadindaday | vallecaneiasoubiagaa a uekieaamias 
3| 101 AD} 10 Dae «“DisaabanmenenssRioceeeaentopeteeakiidicd akekeumenaaahieedes 

4 107 710 Ee hl sbbceubibbecaneaalbmsan kucbamembames: | aisaaemaunebiaeneiainen 

5 123 17 10 Ee «=| ssnaunaamanpiecabeneuimitaieaneseaien Ma-tuan-lin 

6 RE Oi aeucka tk © desc aabuck S Gtaidasinestachociasikassnki sissies O akeein eee eanaia 

7 173 14 20 Ma-tuan-lin 

s EN) IN dcaeee tibar 0 adeakihadaebus it Andanbebeecaaeudaabaduchiadesekeeis t eukae aie 

2) eet Th sicasens Ma-tuan-lin 

10; 386 18 30 ; Ma-tuan-lin 

11 389 19 50/} +10 (or 388 or 398 AD) Cuspianus 

12; 393 17 30} —40 Seakdnpwiewhntbcssannceiesindiak Ma-tuan-lin 

13 561 10 55|- 18 ge. | ll, (Panes aaa 

14) 827? 17 RE DER Re eee Albumazar 

15 829 LS errr meme here pana nnen, (Rewer tree PN saa 

16) 945 . |h SS scecsacccntensarnnsactemansaan Leovitius...... 

17} 1011 18 45  ¢ en) (reeree ree . Sit tataa euatebiatad Ma-tuan-lin 

18 | 1012 2 + 20 (or 1006? AD) Hepidannus 

19 | 1054. 4. EM? )6—- “sca pacha graced sumdneanceindehed it etereeeaieoeiees i omer 
20/1139 ib PEPE | T  ccnen cucu nsccawunedsvaseaduousansecy i ulesbbeions donee Ik wanneneaaande 
21 | 1203 16 40 a ene Seer ene Pea a er 
22 11230 17 40 i Ser ana ee ecchinas Recenins Ma-tean-T | ..cccsccsoses 
23 | 1264 23 40 1 + GH Csi cecccccccce niacewheadsuaied Leovitius Comet 
2411572 019! + 63 35! Tycho’s: Pilgrim star | Gemma Nova 
PRU | ‘Eicutend wad) akbweedokadask- 4 eevee Mee .... | Ma-tuan-lin | Comet? 
26 | 1584 15 50 25 a feb aah ieee eR ee ereeee 
27 | 1600 20 14| + 37 43)! P Cvegni Jansen Variable 
28 | 1604 17 24 21 23 | Kepler's Brunowski Nova 

si | A ema (eres aes te ; ... | Ma-tuan-lin *of 1604? 
30 | 1670 19 43) + 27 4/11 Vulpecula Anthelm Nova 

31 | 1848 16 54 12 44 Ophiuch Hind Nova 
32 | 1860 14 9 19 32. T Bootis saxendell Nova 
33 | 1860 16 11 22 44 | T Scorpii Auwers Nova 
34 | 1863 16 16 | —17 38) U Scorpi Pogson Nova 
35 | 1866 15 55 26 12) T Coron: Blaze star | Birmingham | Nova 
36 | 1876 ai 37 42 23 | QO Cygni Schmidt Nova 
37 | 1885 O 37 40 43 |S Andromeda Hartwig Nova 
38 | 1887 1 55 96 15, W Persei Fleming Nova 
39 | 1892 5 25 30 22) T Auriga Anderson Nova 
40 | 1893 15 22 50 14!) R Norma Fleming Nova 

41) 1895 Li 3 61 24! RS Carina Fleming Nova 

42 | 1895 12 28 54 6)U Centau Fleming Nova 

43 | 1895 13 34 31 8|Z Centaur Fleming Variable 
44 1901 3 24 13 34. Auriga Anderson Nova 


HERMAN S. DAVIS. 
INTERNATIONAL LATITUDE OBSERVATORY, 


Gaithersburg, Maryland, March 14, 1901 








286 General Notes. 


Pleasures of the Telescope,* by Serviss; D. Appleton & Co., pp. 200. 
This book is a worthy supplement of ‘Astronomy with an Opera-Glass,”’ by the 
same author. After an opening chapter devoted to the selection and testing of a 
telescope Mr. Serviss describes in a popular and interesting fashion the chief ob- 
jects in the sky which may be studied by means of a small telescope. 


He assumes 
that the telescope is not provided with graduated circles. 


Hence it is necessary 
for its user to find objects by knowing where they are situated among the stars. 
Twenty-six full page maps of different parts of the sky are therefore scattered 
through the text. They show not only the naked-eye stars, but the positions of 
such other objects (double stars, colored stars, clusters and nebulz) as are to be 
telescopically examined. Each of the objects studied is described in that pleasing 
and attractive style of which which Mr. Serviss isa master. Touches of fancy 
and outbursts of enthusiasm enliven description otherwise prosaic. 

About two-thirds of the book is thus devoted to objects fixed in the sky. The 
planets and the Moon then claim each a chapter; the face of the Moon is shown 
in four very plain maps. The book is concluded by a discussion of the question 


whether there are planets attendant on stellar suns. H. A. HOWE. 


Astronomy in the 20th Century.—Those who think and write on as- 
tronomical themes sometimes indulge somewhat in imagination, and wonder 
what will be the things known and the methods of work in astronomy of one 
hundred years in the future. Mr. Garrett P. Serviss, of New York, has recently 
written suggestively on this point. He says: 

What gravitation is, and how the heavenly bodies attract one another across 
empty space, seems about to be answered. Professor Fessenden, in a series of re- 
searches that will enable the astronomers of the vear 2000 to stand on an eleva- 
tion now unattainable, is corrrelating gravitation with electric phenomena which 
afiect the ultimate particles of matter. 

But there is perhaps a more brilliant fore-glimpse of the future of astronomy 
to be obtained when we consider the recent progress in our knowledge of invisi- 
ble types of radiation. It is probable that by the year 2000 astronomy will vir- 
tually have developed for man a new sense through which will be revealed to him 
another phase of the universe as intimately associated with his being and destiny 
as is the visible phase with which we are familiar. By that time the curtain of 
mystery which now covers those waves of energy that, impressing us neither as 
light nor heat, sweep continually in from star-sprinkled space may have been 
lifted. 

Such discoveries will require a new type of instruments. There will come an 
evolution of the telescope into something far more potent than the giant glasses 
f our day. A hundred years ago all effort was concentrated upon increasing the 
visual power of telescopes. The only thought was how to make them see deeper 
into the heavens and see more. In the course of the nineteenth century that effort 
has resulted in multiplying the power of the human eye about 40,000 times. It 
has made man potentially a colossus more than a thousand feet tall, for a person 
whose eye could graspas much light as the Paris telescope would have to be mag- 
nified two hundred times in all of his dimensions. 

And yet this astronomical Frankenstein cannot see the things that the new 
astronomy will have to deal with. If the power of the eye were increased a 

* If this review had been earlier received it would have been included in Mr. 
Howe's article on ‘‘Astronomical Books for the Use of Students,”’ printed else- 
where in this number. 
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million times it would not suffice. With eyes as big as the Moon we could not 


see those thousands of strange spiral nebulz that hang like garlands in black 
space and whose presence is just beginning to be detected by other means. 

In the year 2000 astronomers will know what else those nebulz do besides 
imprinting their images on photographic plates—will know whether their mys- 
terious radiation has other powers as yet undreamed of. By that day photogra- 
phy will have aided us to create a new sense, of our own invention, superposed 
on the sense of sight, and then it will be time to test Mr. Tesla’s idea that if we 
cannot see the inhabitants of other worlds, at least we can communicate with 
them. Imagine a person blind from birth suddenly endowed with full powers of 
sight. The transformation and expansion that the world would undergo for him 
may serve as an image of the revelation that the year 2000 may have in store for 
the astronomers who have mastered the secrets of invisible radiation. The tele- 
scope of that age will be made not for seeing, but for transcending sight. 

Yet I think that the next century will witness an enormous development of 
our powers of seeing also. The telescopic colossus will continue to grow until 
his head virtually overtops the Alps. Following the lines laid down in: the con- 
struction of the Paris telescope—a giant too unwieldy to stand upright, but, like 
Anteus, gathering power from contact with the Earth—it seems possible to have 
object glasses, or reflectors, several yards in diameter. The present tendency to 
turn mountain summits into Observatory sites is also likely to continue, and by 
2000 A. D., with the aid of mountain railroads like that which is now piercing 
the vitals of the snowy Jungfrau, gigantic telescopes may question the heavens 
from a hundred lofty peaks. 

We have also just beheld the beginning of the use of balloons for astronomi- 
cal observations. The air ship of the twentieth century may find one of its most 
useful applications in carrying the astronomer and his instruments a little closer 
to the stars. 


Shall we form acquaintance with the inha ints of other worlds in the year 


2000? If I were alive at that time, and privileged to use some of the instruments 
of discovery that will then be in existence, I would try their power upon the 
planet Venus. I would not expect actually to ople there, but if I perceived 
some unquestionable proof, or token of their existence I would feel that astron- 
omy had performed its part and vindicated its claim to be regarded as the leader 
of human science. 


The Alvan Clark & Sons Corporation, Telescope Makers.—The 
business of Alvan Clark & Sons, manufacturers of astronomical telescopes, has 
been incorporated under the above title 

The corporation retains the expert services of Mr. Carl A. R. Lundin, who 


for the past twenty-seven years has been identified with the management of the 


business 
Enlarged capital and additional facilities will increase the efficiency of the 


factory and prompt attention to all orders is assured. While the corporation 


neither expects nor desires to compe 


te with work of inferior character, it is in a 
position to produce the best results modern methods can accomplish and fully 
maintain the reputation of the Clark telescope, with which practically all the im 
portant astronomical discoveries for the past fifty years have been made. 

These makers have recently completed for th niversity of Maine, at Orono, 


Maine, an 8-inch equatorial telescope, fully equipped, with clock-work and filar 
micrometer. Also a 7%-inch with the same accessories for Mr 


George Agassiz 
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They are now equipping the Observatory on Mt. Tom, owned by the Holyoke 
Street Railway, with several telescopes, one of the smaller ones being a 3-inch 
binocular, with prism erecting eyepiece. 

Prices and estimates, both for new work or proposed alterations, will be sub- 
mitted on application. 





A New Text-Book of Astronomy.—This new book, prepared by 
Professor George C. Comstock, Director of Washburn Observatory of the Uni- 
versity of Wisconsin, concentrates attention on those parts of the science that 
possess special educational value. This aim involves experimental work that 
will encourage simple observation so necessary for best uses of even a limited 
knowledge of elementary astronomy. So Professor Comstock begins with the 
ideas of a linear and angular measurement, and figures and illustrations are 
given that will easily and directly lead the learner to value observation, and give 
him interest in getting such knowledge. 

In the next chapter the stars and diurnal motion are considered and some 
apparatus easily devised for naked-eye observation, is beautifully figured. Also 
suggestions are offered for the use of a small camera, by which star trails in the 
north polar regions are secured, that ought to interest any student only a little 
in practice in photography. These simple exercises lead the student to recognize 
the diurnal motion of the constellations and to more detailed study of the uran- 
ography of the sky. In this connection the student is given exercises in sketching 
the outlines of the constellations, one of the best means possible to make his 
knowledge however small, of definite and special value. Such work will not be 
carried too far. The probability is that far too little of it will be done for the 
students own greatest advantage. 

The topics discussed in the following chapters are celestial mechanics, the 
Earth as a planet, the measurement of time, eclipses, instruments and the princi- 
ples involved in their use, the Moon, Sun, planets, comets and meteors, fixed 
stars, stars and nebulz and growth and decay. 

The strong points of this excellent book are the plain, direct way of stating 
the principles and latest facts known to astronomy, the many new and neat illus- 
trations, and plates, and the fresh, apt and original way of popularizing the ele- 
ments of astronomy without appreciable loss to science or fact. 

The book is published by the Appletons of New York, and it is beautifully 
done, without any attempt in useless ornament. Teachers certainly will be inter- 
ested in this new book. 


Correction.—In the article on “Ancient Eclipses and Chronology” in the 
April No. the types in two places said the “criticism of Sir John Herschel,” in- 
stead of “criterion of ” etc. h. W.-M. 
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